MY OF NEUROLOM 


To facilitate psychotherapy in the emotionally disturbed child, and to enable 
him to lead a stable life during such therapy, adjunctive treatment with PRozINE 
is often advantageous. In reporting on 176 disturbed children who received PRozine, 
Ehrmantraut et al.' found that 85.8 per cent showed moderate to marked improve- 
ment in behavior reactions and adjustment to institutional care. 


Prozine, designed for the treatment of moderate to severe emotional disturbances, 
helps control psychomotor agitation as well as anxiety and tension. 


1. Ehrmantraut, W., et al.: Scientific Exhibit Presented at the District of Columbia 
Medical Society Meeting, Nov. 24, 1958, Washington, D.C. 


controlled: an acute behavioral problem 


PROZINE 


meprobamate and promazine hydrochloride, Wyeth 


SPECIFIC CONTROL THROUGH DUAL ACTION 


“Trademark Philadelphia 1, Pa 


tog 
Wyeth 


L ANTI ® Sodium (diphenylhydantoin 
sodium, Parke-Davis) is sup-_ 
several forms including Kapseals® of — 
anc of 0.1 Gm. in bottles of 100 and 1,000. 


REQUISITE. 
THERAPY: 
HE PARKE-DAVIS FAMILY 
ANTICONVULSANTS 


IN EPILEPSY- 
PREREQUISIT 
FO 
the use of 
‘ic students may be 
to participate MILONTIN’ apseals (phensuximide, 
activities as other students.” ‘Parke-Davis) 0.5 Gm., bottles 
100 and 1,000. Suspension, 250 mg. per 4 cc., 
| 4 Parke-Davis) 0.3 Gmi., avail- 
most ‘ & Wilkins Company, 1956, p.136. 
2 PARKE, DAVIS & COMPANY | 
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the centuries, one of the areas 
MOst InaccessiBle tO TREATMENT has BEEN SEpREssion. 


For the modern treatment of depression 
A new drug from Pfizer research 


N IAM é D: specific for depression 


brand of nialamide 


When NIAMID is used as an adjunct to psychiatric procedures, patients become 
more accessible and more manageable. 


Clinically effective in a broad range of depressive syndromes. 
Frequently effective in regressed patients in whom other therapy has failed. 
Favorable behavioral changes reduce the need for electroshock therapy. 


A high degree of safety already proved in several thousand patients — NIAMID has not been 
reported to cause jaundice, agranulocytosis, Parkinson-like extrapyramidal symptoms or 
visual disturbances, and hypotensive effects have rarely been noted. 


Side effects are infrequent and mild, and often lessened or eliminated by a reduction in dosage; 
NIAMDD acts slowly, without rapid jarring of physical or mental processes. 


NIAMID is available as 25 mg. and 100 mg. tablets; complete references, literature and additional pro- 
fessional information may be obtained from the Medical Department, Pfizer Laboratories, Division, 
Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. 


Pfizer Science for the world’s well-being™ 
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FROM MARKED IMPROVEMENT 
to COMPLETE CONTROL 
of GRAND MAL SEIZURES 


wide margin of safety 


CLINICAL EVALUATION OF 486 : 
EPILEPTIC PATIENTS* SHOWED THAT: i 


In patients who had received no previous 
anticonvulsant medication, 
“Mysoline” therapy alone provided marked 
improvement to complete control of major motor 
attacks in the majority of patients. 


In patients only partially controlled with maximum 
dosages of other anticonvulsants, 
the addition of “Mysoline” therapy was followed by 
marked improvement to complete control of grand 
mal attacks in 39% of the patients. 


In patients refractory to maximum dosages 
of other anticonvulsants, 
“Mysoline” employed alone provided marked 
improvement to complete control of major motor 
attacks in 34% of the patients. 


In 39 patients with mixed seizures, 
“Mysoline” provided improvement to marked control 
in 49% of the patients. 


The dramatic results obtained with “Mysoline” advocate 
its use as first choice of effective and safe therapy 

in the control of grand mal and psychomotor attacks. 
Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 
Literature on request. 


*Livingston, S., and Petersen, D.: New England J. Med. 254:327 
5933 (Feb. 16) 1956. 


AYERST LABORATORIES 


New York 16, N. Y. Montreal, Canada 


“Mysoline” is available in the United States by arrangement with Imperial Chemical Industries, Ltd. 
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“ergomar 
sublingual fOr tartrate tablets 
@ faster than any oral tablet—faster than the 
time needed to obtain, prepare and give an 
injection, and get an effect. Tablets dissolve 
under the tongue within 30 seconds, effects 
start with the speed of circulation time, relief 


in the 90 per cent range is established within 
10 to 15 minutes. 


STOPS THE ATTACK WITH 
“PARENTERAL” SPEED AND 
SUBLINGUAL CONVENIENCE 


@ the tiny sublingual tablets can be placed 
under the tongue any time, anywhere—no 
need for water, privacy, or sterile precautions. 
Supplied: Ergomar Sublingual Tablets,t 2 mg. ergot- 
amine tartrate per tablet, in specially designed dis- 
penser package of 12 tablets. For patient economy 


and convenience, we suggest prescribing 12 tablets. 
tbrand of specially processed ergotamine tartrate, patent pending 


KEEPS MORE PATIENTS HEADACHE-FREE MORE EFFECTIVELY 


<A NORDSON PHARMACEUTICAL LABORATORIES, INC, * Irvington, New Jersey 
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remove the depression with new yey” 
a true antidepressant Nara i] 


rapidly effective — antidepressant response corrective—helps remove the depression, 


often within a few days; complete remission rather than merely masking the symptoms... 
usually within 2 to 6 weeks, in 4 out of 5 restores the mild-to-deeply depressed patient 
patients." without institutionalization and without re- 
low toxicity—no significant reports of tox- course to ECT in most cases." 


icity. to blog 1-10 sir ple dosz — sblet 3 times 


| 
brand of pheneizine dihydrogen sulfate 
da 


INDICATIONS: Mild to severe depressions, depressions 
associated with chronic diseases such as angina pec- 
toris and rheumatoid arthritis. Improves the depressed 
phase of affective (manic-depressive) psychosis, and 
relieves the depression of catatonic schizophrenics, al- 
though not affecting the psychosis per se. SIDE EFFECTS: 
Occasional postural hypotension and infrequent nau- 
sea, ankle edema, delayed micturition or constipation 
are managed by appropriate adjunctive therapy, or 
dosage reduction. posace: One tablet three times a 
day. After remission, reduce to a maintenance level of 
1 or 2 tablets a day. supPLIED: Orange-coated tablets, 
ach containing 15 mg. of phenylethythydrazine pres- 


-\ability to 


ent as the dihydrogen sulfate. Bottles of 100. CAUTION: 
Nardil should be withheld or used with extreme cau- 
tion where the patient has a history of liver disease or 
liver damage is present. Hypotensive patients should 
be under close medical supervision. 

REFERENCES: 1. Sainz, A.: Ann. New York Acad. Sc. 80:780, Art. 3 (Sept. 


17) 1959. 2. Thal, N.: Dis. Nerv. System 20:197 (May, Pt. 1) 1959. 
3. Saunders, J. C., Klir», N.S., et al.: Am. J. Psychiat. 


116 :71, 1959, 4. Arnow, L. E.: Clinical Med. 6 :1573, 
1959. S. Dickel, H. A., ec al.: Clinical Med. 6:1579, aa 
1959. 6. Dunlop, E.: Rhode Island M. J. 42 656, 1959. 
7. Sainz, A.: Dis. Nerv. System 20 :537, 1959. 8. Sar- 
wer-Foner, G. J., et al.: Canad. M.A.J. (in press) 
1959, 9. Hobbs, L. FE: West Virginia M. J. (in press) 


1959, 10. Dunlop, E. : Dis. Nerv, System (in press) 1959, monnis PLains, wo 
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color 


film... 


“A new approach 
to the reduction 
of intracranial 
pressure with 
Urea-Invert 
sugar” 


REVERT 


(LYOPHILIZED UREA 
AND TRAVERT®) 


The clinical data presented in the film are taken 
from the case histories of more than 550 pa- 
tients who received urea-invert sugar solution 
[UREVERT'™] at the University of Wisconsin 
hospitals for a variety of cranial disorders. 

The use of Urevert to facilitate intracranial 
surgery in glioblastoma multiforme, optic nerve 
glioma, fronto-temporal meningioma, cerebellar 
astrocytoma and retrogasserian rhizotomy is 
illustrated. 

A comparison of Urevert with other hyper- 
tonic solutions demonstrates its superiority to 
such agents in reducing cerebrospinal fluid 
pressure and brain volume. 

For Your Group—showing of this 19 minute 
film may be arranged by writing to Medical 
Film Library, Travenol Laboratories, Inc., 
Morton Grove, Illinois. 
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BAXTER LABORATORIES, INC. 


Zactirin 


Effective non-narcotic analgesia 


uanil 


The most widely prescribed ataraxic 


Pain/Tension: Often oe 


ZACTIRIN and EQuANIL administered together produce relax- 
ation from tension—muscular and mental—and relief from 
pain. 


EQUANIL enhances the action of ZACTIRIN by reducing the 
tension which often accompanies pain and increases aware- 
ness of it. Wyeth Laboratories, Philadelphia 1, Pa. 


A Century of 
*Ethoheptazine Citrate with Acetylsalicylic Acid, Wyeth TMeprobamate, Wyeth Service to Medicine 
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REVIEW COURSES IN 


BASIC and CLINICAL NEUROLOGY 
April 25, 26, 27, 1960 
Preceding the 
1960 AMERICAN ACADEMY OF NEUROLOGY MEETING 
Eden Roc Hotel, Miami Beach, Florida 


CHILD NEUROLOGY-—April 25, 1960. Dr. Paul Elwood. Fees: Juniors: 
$10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


NEUROCHEMISTRY—April 25, 1960. Dr. Maynard M. Cohen and Dr. Don- 
ald B. Tower. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; 
Non-members: $20.00. 

NEUROPATHOLOGY-—April 25, 1960. Dr. Erland R. Nelson. Fees: Juniors: 
$15.00; Fellows, Actives and Associates: $20.00; Non-members: $30.00. De- 
posit on slide box: $25.00 (all membership categories). 


CENTRAL NERVOUS SYSTEM INFECTIONS—April 26, 1960. Dr. Charles 
A. Kane. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non- 
members: $20.00. 

LANGUAGE DISORDERS—April 26, 1960. Dr. Joe Brown. Fees: Juniors: 
$10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 
GENETICS IN NEUROLOGY—April 26, 1960. Dr. Leonard T. Kurland. Fees: 
Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


ELECTROENCEPHALOGRAPHY—April 27, 1960. Dr. Frank Morrell. Fees: 
Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: $20.00. 


NEUROLOGIC ASPECTS OF INTERNAL DISEASE—April 27, 1960. Dr. 
Gilbert H. Glaser. Fees: Juniors: $10.00; Fellows, Actives and Associates: 
$15.00; Non-members: $20.00. 

NEURO-OPHTHALMOLOGY~—April 27, 1960. Dr. Nathan S. Schlezinger. 
Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non-members: 
$20.00. 


In addition a special review course in Common Neurologic Diseases is offered 
to General Practitioners on Wednesday, April 27, 1960. The registration fee is 
ten dollars. Credit will be given by the American Academy of General Practice. 
This course is not available to members of the American Academy of Neurology. 


ENROLLMENT FOR ALL COURSES IS LIMITED 
Priority will be determined by date of application 
No application will be accepted after April 1, 1960 


Outline of each course, application and further information may be 


obtained from 


MRS. J. C. McKINLEY, Executive Secretary 
4307 East 50th Street, Minneapolis 17, Minnesota 
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relieves rigidity 

and reduces muscle spasm 
in the 

parkinson patient 


a new synthetic compound 


“Chlorphenoxamine (Phenoxene) exerts a gentle yet potent action . . . a muscle 
relaxant action also an energizing and stimulating action, without induction of 
excitement or agitation. Patients are able to move faster and more freely and with 
greater strength and longer endurance. It helps to loosen rigid muscles, and it 
successfully counteracts akinesia, tiredness, and weakness.”’* 


*Doshay, L. J., and Constable, K.: Treatment of Paralysis Agitans with Chlorphenoxamine Hydrochloride, J.A.M.A. 
170:37 (May 2) 1959. 


A REPRINT OF THE COMPLETE ARTICLE AND CLINICAL TRIAL SUPPLIES ARE AVAILABLE ON REQUEST. 


ra PITMAN-MOORE COMPANY 


INVA} ALY] oivision oF LABORATORIES, INC. © INDIANAPOLIS 6, INDIANA 
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NOVA NARFER FEEF IVC THUEDADV 
| —_ drug appears to represent a major addition to the safe and effective treatment of a wide © 
_ «range of psychological disturbances seen daily in the clinics or by the general practitioner." _ 


a new advance in tranquilization: 
greater specificity of tranquilizing action results in fewer side effects 


s 


The presence of a thiomethyl radical (S-CH ,) is unique 
in Mellaril and could be responsible for the relative 


_ ~ absence of side effects and greater specificity of 
| psychotherapeutic action. This is shown clinically by: 
Ch, 
1 A specificity of action on certain brain sites in contrast to the 
more generalized or “diffuse” action of other phenothiazines. 
This is evidenced by a lack of appreciable anti-emetic effect. 


MELLARIL 


PSYCHIC RELAXMIIOM 


DAMPENING OF 
PARASYMPA 
NERVOUS SYSTEM 


inimal suppression of vomiting 


ittle effect on blood pressure 
d temperature regulation 


Less “spill-over” action to other brain areas — hence, 
absence of undue sedation, drowsiness or autonomic 
nervous system disturbances. 


Psychic relaxallia 


Dar pening) of 
sympathetic 


parasympat 
nervous sy 


3 A notable absence of extrapyramidal stimulation. 
ing suppression of vomiting 
pening of blood pressure 4 


temperature regulation Lack of impairment of patient’s normal drive and energy. 


other 5 Virtual freedom from such toxic effects 
Phenothiazine-type as jaundice, photosensitivity, skin eruptions, 
tranquilizers 


blood forming disorders. 


Indication Usual Starting Dose Total Daily Dosage Range 
ADULTS: Mental and Emotional Disturbances: 
MiLD—where anxiety, apprehension and tension are present 10 mg. t.i.d. 20-60 mg. 
MODERATE— where agitation exists in psychoneuroses, 25 mg. t.i.d. 50-200 mg. 


alcoholism, intractable pain, senility, etc. 


SEVERE-— in agitated psychotic states as schizophrenia, manic 
depressive, toxic psychoses, etc.: 


Ambulatory 100 mg. t.i.d. 200-400 mg. 
Hospitalized 100 mg. t.i.d. 200-800 mg. 
CHILDREN: BEHAVIOR PROBLEMS IN CHILDREN 10 mg. t.i.d. 20-40 mg. 


Mellaril Tablets, 10 mg., 25 mg., 100 mg. 


“*Ostfeld, A. M.: Scientific Exhibit, American Academy 
of General Practice, San Francisco, April 6-9, 1959 
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& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N. Y. 
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for those with 


PARKINSONISM 


w decrease rigidity 


m decrease tremor 
increase agility 
improve gait and posture 


elevate mood 


reduce sialorrhea 


Smoother activity, 


and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


“Kemadrin’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000, 
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perphenazine 


in psychoses and chronic neuroses... 
enhances therapeutic “acceptance” 
accelerates therapeutic response 
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a phenothiazine with the 
differences that count 


in psychiatric therapy Trilafon 


“In contrast to earlier phenothiazine derivatives, which cause sedation, psychomotor retardation, 
increased appetite and excessive weight gain...[TRILAFON] [ordinarily does] not produce trouble- 
some sedation or psychomotor retardation in these patients.”* 


On 


Available for psychiatric use as Tablets, Injection, Liquid Concentrate. Consult Schering literature for 
indications, dosage and administration, precautions and contraindications. 
$415 *Ayd, EF. J., Jr.: New England J. Med. 261:172, 1959. 
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A continuing test 


IN CORD 
began in April, 1958, when a group of 35 para- 


plegics was placed on the long-acting antibacterial, Madribon, for the first time. 

Cord bladders, chronic cystitis and some degree of pyelonephritis were of up to 
15 years’ duration. Prior to the introduction of Madribon, the use of various 

antibacterials had failed to prevent regularly recurring bladder flare-ups.* 


With the new antibacterial, MAD i BO N 


all infectious manifestations im- 
mediately stopped—“During the six 
months of observation, there was not 
one case of fever or chills that could 
be related to bladder flare-up.”* 
“_..Side effect liability [was] nil, as 
manifested by the absence of all 
toxic reactions during the [six-month] 
period under observation.”* When 
patients required other medication 
for various conditions, daily Madri- 


bon continued “... without any com- 
90% effective ...withlessthan2% sideeffects plications.”* 


once-a-day four-times-a-day 


MADRIBON / MADRIQID 


125-mg-capsule form of Madribon 
oral *W.A. Leff, Antibiotic Med. & Clin. Therapy 6: (Suppl. 1), 
44-48, Feb. 1959. 


Division of Hoffmann-La Roche Nutley 10 N. J. MADRIQID™™ ROCHE® 
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in depression...positive 


but PLEASE DO NOT PRESCRIBE 


the cautions and provisions for the use of this drug can be 
consistently applied to the management of your patients. 
see We make this request now because our surveys indicate that 


in approximately 50 per cent of patients, prescribed dosage 
of CATRON is higher than recommended or prescriptions are not limited to amounts small enough 
to insure frequent return of the patient for observation. Also, in some instances, therapy was 


unduly prolonged. 


CATRON has displayed outstanding efficacy in depression, angina, and rheumatoid arthritis. But 
because of the nature of MAO inhibitor therapy, your attention is directed to the extensive and 
useful instructions prominently displayed in our literature on CATRON, and repeated below. 


HOW TO USE CATRON: 

CATRON is a monoamine oxidase (MAO) inhibitor 
useful in the treatment of depression and of other 
disorders indicated below. It is recommended for use 
in carefully selected cases and in those patients who 
have not responded to the milder drugs. 


ADMINISTRATION AND DOSAGE: 

Dosage of CATRON must be individualized according 
to each patient’s response. The initial daily dose 
should not exceed 12 mg. and should be reduced as 
soon as the desired clinical effect is obtained. In 
severe depressions some clinicians desire rapid 
results and begin treatment with 24 mg. daily; this 
dosage should not be continued for more than a few 
days. A single daily dose in the morning is recom- 
mended. A continuous or interrupted schedule may 
be used, the latter during the maintenance period. 


DEPRESSION (Endogenous, Reactive, Postpartum, 
Involutional, and Depression Secondary to Schizo- 
phrenic or Neurotic Reaction): initially, 12 mg. once 
daily for approximately 2 weeks, or less if improve- 
ment appears. Dosage is then reduced to 6 mg. daily. 
As improvement continues, maintenance dosage of 
6 mg. every other day or 3 mg. daily often proves 
satisfactory. An interrupted dose schedule is recom- 
mended for long-term therapy. 


ANGINA PECTORIS: 3 to 6 mg. daily in most cases. 


Relief of pain and elevation of mood may be dra- 
matic. Victims of angina pectoris who respond in 


this manner should be cautioned against overexer- 
tion induced by their sense of well-being. 


RHEUMATOID ARTHRITIS (Adjunctive Therapy—in 
severely disabling forms, particularly when accom- 
panied by depression): 9 to 12 mg. daily for 3 days, 
then 6 mg. daily, reducing further to 3 mg. daily on 
signs of improvement. If a conventional antiarthritic 
agent is used, lower doses of each are indicated. 


CAUTION: 
Certain circumstances should be watched carefully 
when using CATRON. 


DRUG POTENTIATION-—The list of drugs which 
CATRON potentiates is not yet complete. Hence, cau- 
tion should be exercised when combining CATRON 
with any other drugs such as tranquilizers, pheno- 
thiazines, the amphetamines, barbiturates, and hypo- 
tensive agents. 


HYPOTENSIVE EFFECT—All normotensive patients 
receiving CATRON, but especially elderly patients, 
should be warned about the possibility of orthostatic 
hypotension during the initial period of higher dos- 
age. In the few instances where this may occur, low- 
ering of the dose will usualiy permit continuation of 
therapy. 


VISUAL DISTURBANCES -A reversible red-green 
color defect has been reported in a few patients, 
chiefly hypertensive, on extended therapy with 
CATRON. Discontinue the drug if such changes 
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occur. In a few instances, at unusually high dosage, 
or where the drug was not discontinued following 
color disturbances, diminished visual acuity 
occurred. 


ANIMALS, NEUROLOGIC SIGNS—In toxicity studies 
with animals a neurologic syndrome has been 
observed, characterized by tremors, muscle rigidity 
and difficulty in locomotion. Animals displaying this 
visible neurologic syndrome after prolonged paren- 
teral administration usually disclosed a neurologic 
lesion at autopsy. In other animals these visible 
neurologic symptoms disappeared following cessa- 
tion of the drug. No lesions were found after oral 
administration. Although extensive clinical experi- 
ence has not shown such reactions to be a problem 
in humans in recommended dosage, should a simi- 
lar neurologic disturbance occur, the possibility of 
drug action should be considered. 


SIDE EFFECTS—Major side effects requiring cessa- 
tion of therapy are infrequent. Other side effects— 
constipation, delay in starting micturition, increased 
sweating, hyperreflexia, ankle edema, blurring of 
vision, dryness of the mouth—are usually readily 
controlled by lowering the dosage. Rash, observed 
in a few patients, cleared up rapidly upon discontin- 
uing therapy. 


WARNING: Although pharmacologic evidence indi- 
cates that CATRON has a selectivity for the brain, 
it, as well as other monoamine oxidase inhibitors, 
may be associated with hepatitis. Because of the 
possibility of this life-threatening hepatitis, the fol- 
lowing recommendations and precautions should be 
observed. If necessary, the patient should be hos- 
pitalized to expedite adherence to this regimen. 


The Following Precautions Are Recommended: 
1. Inall instances daily dose should not exceed 12 mg. 


pheniprazine hydrochloride 


2. Reduce daily dose as soon as response is estab- 
lished, usually in a matter of 1 to 2 weeks. 
3.Do not prescribe to a patient mare than sixteen 


6 mg. tablets or thirty-two 3 mg. tablets of CATRON 
at one time. 


4. Patient should return for observation before addi- 
tional CATRON is prescribed. For this reason, pre- 


scriptions for CATRON should be marked “not 
refillable.” 

5. Perform regular liver function tests. 

6. Do not use the drug in patients with a history of 
viral hepatitis or other liver abnormalities. 
SUPPLIED: CATRON is the original brand of pheni- 
prazine hydrochloride. It is supplied in tablets of 
3 mg. and 6 mg,., bottles of 50. 
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in all forms of parkinsonism 


ea single bedtime dose permits restful sleep... e prevents morning rigidity... e “is often sufficient 
to control symptoms for 24 hours”? 

CocenTin “will counteract rigidity, contractures, frozen states and muscle cramps better than 
any current preparation”*® without drowsiness or fogginess,* and even control major tremors 
unrelieved by other medications.’ Cocentin usually permits continuation of full-strength tran- 
quilizer therapy if parkinsonian symptoms develop. And Cocentin has not shown cumulative 
toxicity. No serious reactions have been reported even after treatment lasting as long as 
four years.* 
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Some characteristic features of the 


pathogenesis of myotonia 


N. I. Grashchenkov, M.D. 


Myoronia is rather a rare pathologic state, 
but the disease is so peculiar that its study is 
of great interest to both clinicians and physi- 
ologists. 

There are 2 main forms of myotonia: 
Thomsen’s disease (myotonia congenita) and 
atrophic myotonia (myotonia dystrophica) . 

We have succeded in showing that these 
are not 2 independent disease entities but 
forms of the same disease. Thorough examina- 
tions of patients with Thomsen’s disease reveal 
a number of signs characteristic of atrophic 
myotonia: wasting of muscle groups, muscular 
weakness, lesions of the autonomic nervous 
system, and endocrine changes. Electrophysio- 
logic, biochemical, and microscopic endocrino- 
logic studies show changes of the same type 
in both cases; only quantitative, not qualita- 
tive, differences are observed, and they de- 
pend, in the main, on the severity of the pa- 
tient’s clinical condition. Our findings coincide 
with those obtained by a number of authors. 
3,6,9,18,17,21,22,26,32,33 

The most striking phenomenon in the clin- 
ical picture of myotonia is myotonic spasm 


(stiffness) or myotonic reaction. This phenom-. 


enon is known to be a marked slowness of the 
muscle to relax after contraction and may be 
produced by voluntary contraction or elec- 


trical or mechanical stimuli. During repeated 
movement or stimulation, resistance to relaxa- 
tion decreases or even completely disappears, 
but, after a period of rest, it may appear again. 

In an analysis of the clinical manifestations 
of the myotonic phenomenon, the following 
characteristic features deserve emphasis. 

1. The dynamic nature of the lesion and its 
connection with the functional activity of the 
motor neuron itself. Myotonic resistance to 
movement is manifested by intensive activity 
of the neuron and so too is the overcoming 
of the resistance. 

2. The relation to the amount of effort ex- 
erted. A myotonic spasm occurs only in strong 
movements. Weak movements, a weak elec- 
tric current, or mild mechanical stimuli do 
not produce the myotonic effect. In other 
words, myotonia occurs only at a certain level 
of muscular contraction. 

The problem of the nature of the myotonic 
reaction has not so far been solved. In the 
rather extensive literature devoted to this prob- 
lem, the following views may be distinguished: 

1. The pathologic process is localized in the 
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muscle. The advocates of this view7-9.10.29.20.22 
explain the myotonic phenomenon by the de- 
velopment of a state of contracture related to 
either hyperfunction of the sarcoplasm or bio- 
chemical change in the muscle. 

2. Myotonia is conditioned by a reflex from 
the proprioreceptors, which are in a state of 

3. The myotonic reaction is conditioned by 
the development of parabiosis, according to 
Vvedensky.*! 

While studying the myotonic phenomenon 
by electromyography, the Russian scientists 
Rusinov and Chugunov**.** showed that the 
myotonic reaction is accompanied by action 
currents and that the appropriate motor nerve, 
during the myotonic response, shows no elec- 
trical activity. It follows that the neuromus- 
cular junction is a focus of discharges. The 
authors point out that the development of such 
a focus at the junction can be understood in 
the light of Vvedensky’s theory of parabiosis, 
and, on the basis of their studies, they speak 
of reduction of lability. Vasiliev? supported 
the views of these authors, holding that myo- 
tonia is a typical example of a prolonged mani- 
festation of the second exaltation phase of 
parabiosis (with its characteristic rhythmic im- 
pulse) at the neuromuscular junction. I pro- 
ceed to explain these terms. 

Vvedensky and his numerous pupils have 
shown that study of the parabiotic area may 
reveal a regular alternation in electrical activ- 
ity. The initial phase is electrically positive 
and is characterized by the electrotonic syn- 
drome of a functional shift—excitability de- 
creases, lability increases. In the second (ex- 
altation) phase, which corresponds to the pe- 
riod of fluctuations of electrical potential dur- 
ing the transition from positivity to negativity, 
increase of excitability, which often exceeds 
the value of the initial level, is very character- 
istic. In this case, then, if not always, under 
certain conditions during the phase of restora- 
tion, the parabiotic area “becomes one in which 
spontaneous excitation occurs.”*' “An area of 
parabiosis in a nerve may become the source of 
steady impulses producing contractions of a 
tetanic or tonic nature in the innervated mus- 
cle.”?8 In the closing phase, a steady, gradually 
increasing negative potential is established; the 
tendency to rhythmic activity is replaced by a 


constant focal excitation, and the electrotonic 
syndrome of functional shift is replaced by the 
cataelectrotonic syndrome (i.e., excitability 
and lability decrease). Here the phases of 
parabiosis, well-known in the U.S.S.R., take 
place in succession: the leveling, the paradox- 
ical, and the inhibition. 

In the process of development of parabiosis, 
a progressive decrease in the lability of the 
neuromuscular mechanisms may be observed. 

By the expression “functional lability,” Vve- 
densky meant the greater or lesser velocity of 
response which accompanies the physiologic 
activity of this mechanism. 

Lability as a characteristic of the functional 
condition of nerve tissue reflects the velocity 
of reaction of tissue in the course of a single 
excitation; on the other hand, lability reveals 
the substrate’s capacity in terms of single com- 
pleted periods of excitation during a period of 
time. 

The analysis of tetanic responses by rhyth- 
mic electrical stimulation at increasing fre- 
quencies is the most suitable method of clin- 
ical investigation, since it shows the charac- 
teristic features of the functional condition of 
the neuromuscular apparatus and gives us data 
concerning the threshold of intensity, time, and 
lability. 

We know that tetanic responses depend a 
great deal on the lability of the neuromuscular 
substrate. This dependence enables us to judge 
its lability by the type of tetanic response and 
the conditions under which it appears. 

Anochin and Slavutsky? were the first to sug- 
gest this method for clinical practice. The cri- 
teria adopted temporarily for the evaluation of 
the functional condition are: [1] the merging 
of single contractions into tetanus; [2] the fre- 
quency threshold for the first signs of the pes- 
simum reaction of no response; and [3] the 
appearance of frank unresponsiveness, that is, 
of the pessimum. The unresponsive state is 
verified by a switch to low frequencies, when 
responses are always normal. 

This method makes it possible to explore the 
lability of both the neuromuscular junction 
and the muscles themselves and to observe 
their dependence on various factors. 

We adopted the method of rhythmic stimu- 
lation with an increasing range of frequencies 
in 20 myotonic patients. An electrotonic stim- 
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ulator of impulse currents according to Ritchi’s 
system was used. The recording of the effect 
on the muscle was carried out by means of a 
special recording unit connected with a Marey 
capsule by an air transmission device. The 
tetanizing train of impulses was investigated 
at 1.5, 5, 10, 50, 70, 100, and 1,000 cycles per 
second, the duration of each impulse being 
0.5 seconds and the strength of the current 
being 1.5 rheobase. 

A normal tetanizing train of impulses was 
found in only 2 patients with a relatively mild 
form of Thomsen’s myotonia. The other 18 
patients showed various changes during the in- 
vestigation. No fundamental differences in the 
tetanizing train were found among patients 
with Thomsen’s myotonia and those with at- 
rophic myotonia. 

The pathologic state was shown partly by 
the occurrence of tetanus at low frequencies 
(5 and 10); this happened with 10 patients. 
In some cases, after muscular activity with 
temporary abolition of myotonic manifesta- 
tions, these changes disappeared and the re- 
sponses to 5 and 10 cycles per second were 
single contraction or there was a stepped curve 
in the response to 10 cycles per second, which 
is normal. 

In some patients, a small increase in the 
strength of the current (in comparison with 
threshold values) produced a sudden increase 
in the amplitude of contractions. Increase in 
the strength of the current brought on the 
pessimum or no response reaction. These phe- 
nomena obviously point to shifts in the pat- 
tern of excitation, which changes in the course 
of the reaction. 

In 16 patients, disturbances of a tetanic 
train were noted in the form of pessimum re- 
actions at high frequencies. The threshold of 
this reaction in 7 patients has already been 
shown to begin at 50 to 70 cycles per second. 
As a rule, at high frequencies the pessimum 
or no response reaction was observed, mostly 
with transformation of the rhythm from con- 
tinuous tetanus into a stepped curve. These 
phenomena may indicate low lability. 

In 7 patients, a peculiar change in the shape 
of the tetanus curve was observed. After the 
initial rise, a more or less marked fall occurred, 
sometimes almost down to the initial value, 
followed by a second gradual rise. At higher 


frequencies, this fall after the initial rise was, 
as a rule, reduced and the curve became 
smooth and right angled. In some cases, how- 
ever, higher frequencies produced tetanus— 
a pessimum reaction, often with transforma- 
tion of the rhythm. Such a tetanic curve has 
been described and is known as veratrinoid; 
it may be observed during the investigation of 
muscles in animals poisoned by veratrine. It 
is remarkable that injections of veratrine into 
the muscle produce changes similar to those 
in the muscle of myotonic patients; the muscle 
shows the same motor reaction and response 
to mechanical stimuli, electrical currents, and 
injections of neostigmine and quinine, as if the 
muscle poisoned by veratrine emulated myo- 
tonic muscle. 

Vvedensky described a similar form of teta- 
nus at some phases in the development of 
parabiosis in strychnine poisoning. 

Thus, on the grounds of the changes ob- 
tained, we are able to speak of decreased la- 
bility of the neuromuscular apparatus in the 
patients studied. The electromyographic data 
obtained by Rusinov and Chugunov**.** and 
Vasiliev** also confirm that myotonia is a typ- 
ical example of a prolonged manifestation of 
the second exaltation phase of parabiosis, char- 
acterized by a rhythmic impulse at the myo- 
neural junction. 

As has been pointed out by Vasiliev, myo- 
tonia and myasthenia are typical manifesta- 
tions of parabiosis. There is, however, a strik- 
ing difference between the myasthenic and 
myotonic responses. The former is character- 
ized by rapid inhibition of voluntary muscle 
contraction, the latter, on the contrary, by 
disappearance of the inhibition, that is, after 
exercise, muscle spasm in myotonic patients 
temporarily disappears. This difference can 
easily be explained by the theory of parabiosis. 
It is well known from laboratory studies that, 
in the initial stages of parabiosis, inhibition by 
impulses coming from elsewhere is abolished, 
as in myotonia; the advanced stage of para- 
biosis, on the contrary, is one of increased in- 
hibition by these impulses, as in myasthenia. 

The effect of deparabiosing and parabiosing 
factors on myotonic contracture lends support 
to these views. 

As is known, in 1915-1917, Vinogradov® 
stated that application of the direct current 
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anode abolishes parabiotic manifestations, while 
application of the cathode aggravates them. 
Flekenstein and Richter® have shown that con- 
tracture of the rectus abdominis of the frog 
produced by acetylcholine, veratrine, or potas- 
sium chloride is abolished by anode polariza- 
tion of the muscle. 

Treatment by anodization is described by 
several authors. The effect of moderate warm- 
ing and infrared rays is similar to that of the 
anode, while the effect of cooling and ultra- 
violet rays is similar to that of the cathode. 

We have studied the influence of parabi- 
osing and deparabiosing agents on the dura- 
tion of the myotonic reaction. During the ano- 
dization of flexors and extensors, a distinct de- 
crease in the myotonic reaction recurred in 
the upper and lower extremities. A similar ef- 
fect was produced by a warm bath and infra- 
red rays. A cold bath and chloric ether applied 
locally aggravated the reaction. 

Thus, our findings fully confirm the presence 
of decreased lability in myotonic patients. 

The reasons for this change in lability and 
for the parabiotic condition in the disease we 
are considering have so far remained obscure. 

With the object of elucidating the biochem- 
ical factors producing this changed reaction, 
which is shown by increased excitability and 
decreased lability, we investigated a number 
of factors closely concerned with the process 
of excitation and muscle contraction—creatine- 
creatinine metabolism and blood phosphates 
and sugar, as well as blood potassium and cal- 
cium and urine, examined serially. We also in- 
vestigated such biologically active substances 
as the acetylcholine-cholinesterase system, ep- 
inephrine, and the sympathins. 

We succeeded in finding out that there was 
a pathologic abnormality in the process of 
phosphorylation (delay in the formation of 
creatine-phosphate, with accumulation of in- 
organic phosphorus and creatine) in most pa- 
tients. Increase in the blood sugar ratio, delay 
in return of the sugar content to normal, and 
a curve with 2 peaks point to lesions in the 
regulatory mechanism of carbohydrate metab- 
olism. 

The study of potassium metabolism was of 
exceedingly great interest. It is well known 
that potassium ions play a considerable part 
in the physiology and pathology of neuromus- 


cular activity. St. George? has shown the role 
of potassium ions in producing muscle contrac- 
tion and relaxation. 

In some myotonic patients, the potassium 
content of the blood serum is increased or is 
just within the upper limits of normal. How- 
ever, the important thing is not the absolute 
amount of potassium but the pathologically in- 
creased sensitivity of neuromuscular tissue to 
potassium. We know that some substances, 
such as histamine and veratrine, as well as 
some muscle metabolites, can increase the sen- 
sitivity of tissues to potassium ions. 

Oral administration of potassium salts has 
been shown to produce a great increase of 
myotonic manifestations in myotonic patients. 
A similar picture may be observed in myotonic 
goats after intraarterial administration of the 
substances mentioned. 

On the other hand, a reduction in the pot- 
tassium content by elimination of it from the 
body considerably improves the condition of 
the patient and decreases the myotonia. 

ACTH treatment produces a regular im- 
provement in the condition of the patient and, 
at the same time, a diminution of blood po- 
tassium, up to 14 to 15 mg. per cent in some 
patients. It is characteristic that this reduction 
of the blood potassium level is well tolerated 
by myotonic patients. Serial measurement of 
potassium in the urine in these patients shows 
a regular increase in its excretion, from the 
beginning of treatment. The potassium content 
of the urine is at its maximum up to the 
fourth or fifth day, this coinciding with the 
beginning of clinical improvement. On inter- 
ruption of treatment, a great reduction in po- 
tassium excretion, up to 1 to 1.5 gr., is noted, 
which probably indicates an accumulation of 
potassium in the body up to the initial level. 

The curative effect of ACTH and, to a cer- 
tain extent, of cortisone, which, we found, is 
somewhat less effective in myotonia, is due, in 
the main, to the mineralocorticoid effect, that 
is, to the effect on the metabolism and excre- 
tion of potassium. This is supported by the fact 
that, at the same time as there is an increase 
in 17-ketosteroids and potassium excretion in 
the urine, there is an increase in corticosterone 
excretion. As is well known, corticosterone 
exerts a marked influence on mineral metab- 
olism. The administration of other drugs, simi- 
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lar to cortisone but lacking in mineralocorticoid 
activity, such as Metacortin, was without effect 
on the severity of the myotonic manifestations. 
ACTH given to the same patients some time 
later produced its usual favorable effect. 

We know the role of acetylcholine in the 
process of nerve excitation and the contraction 
of muscle. Excess of acetylcholine can change 
the reaction of the tissues and cause contrac- 
ture. Numerous authors 4:11. 14, 18, 30,34 have 
pointed out that different doses of acetylcho- 
line have different effects; small doses increase 
lability and make for excitation, while large 
doses diminish lability and may produce a 
parabiotic condition. 

Apart from the effects of different doses, 
the degree to which the tissues are sensitive 
to acetylcholine plays a considerable part. 
Babsky and Kirillova*t have shown that potas- 
sium ions intensify the effect of acetylcholine, 
while calcium ions diminish it. 

The literature shows that the acetylcholine- 
cholinesterase ratio is changed, and the pre- 
dominance of acetylcholine is noted. Some 
authors, basing their thought on clinical and 
biochemical grounds (estimation of acetylcho- 
line and cholinesterase in muscle biopsies), 
conclude that, in myotonia, large amounts of 
acetylcholine occur and cholinesterase activity 
decreases. 

There is also some evidence of increased 
sensitivity of the neuromuscular substrate to 
acetylcholine in myotonia. Brown and Har- 
vey® found that intraarterial injection of acetyl- 
choline into myotonic goats increased the con- 
tractile effect by 30, as compared with normal 
animals, 

Because of the characteristic feature that it 
is rapidly destroyed by cholinesterases after 
the beginning of excitation, acetylcholine can 
rarely be detected in the blood.'®.?7 

We have found free acetylcholine in 19 
patients, sometimes in rather large amounts. 
Acetylcholine content has been found to be 
higher in patients with Thomsen’s myotonia 
than in patients with atrophic myotonia, in- 
dicating the greater severity of the myotonic 
spasm in the former. 

The investigation of acetylcholine in patients 
after muscular work that temporarily abolishes 
myotonic manifestations has revealed a con- 
siderable decrease in acetylcholine activity. 
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During continuous investigation of acetylcho- 
line during treatment, a gradual reduction of 
acetylcholine could be noted pari passu with 
clinical improvement. The administration of 
neostigmine, which intensifies acetylcholine 
activity, produced a distinct aggravation of the 
myotonic symptoms. This is an indirect con- 
firmation of the involvement of acetylcholine 
in the physiopathology of the myotonic state. 

In the estimation of cholinesterase (true 
and pseudocholinesterases) in blood, no gross 
disturbances were noted; the amount of the 
enzyme was found to be within the limits of 
normal. In some cases, a tendency to increase 
of cholinesterase activity after temporary abo- 
lition of myotonic manifestations was observed. 

It follows from these findings that the most 
considerable changes took place in the potas- 
sium-acetylcholine system. There are some 
studies on acetylcholine in which its signifi- 
cance in the physiopathology of myotonia is 
emphasized. 

We should like to emphasize once more that 
the sensitivity of the tissues and organs is of 
vital importance, not the absolute amounts of 
these substances. For instance, one and the 
same amount of acetylcholine will be too little 
for a myasthenic patient, too much for a myo- 
tonic patient. 

Attention should be paid to the interaction 
of different agents in the body of a patient 
(for instance, the relationship between potas- 
sium and acetylcholine in myotonic patients). 
It is known that, under certain conditions, 
acetylcholine is able to increase both tissue 
sensibility to potassium and the permeability 
of membranes to potassium ions. Potassium, 
in its turn, intensifies the effect of acteylcho- 
line by increasing sensitivity to it and liberates 
acetylcholine from the bound form; potassium 
also contributes to the synthesis of acetylcho- 
line. 

Thus, a peculiar kind of “vicious circle” may 
be observed: acetylcholine intensifies the ef- 
fect of potassium, while potassium produces 
increased action by acetylcholine. For this 
reason, favorable conditions for appearance of 
a change in lability and reaction are estab- 
lished, for example, an ability to respond for 
a long time and repeatedly to any form of 
stimulation. 


i 
‘ 
‘ 
| 


100 


NEUROLOGY 


REFERENCES 


1. Apams, R. D., Denny-Brown, D., and Pearson, C. 
M.: Diseases of Muscle. New York, Paul B. Hoeber, 
Inc., 1953. 

2. Anocurn, P. K., and Stavutsky, I. L.: The applica- 


uw 


16. 


. Azz, E.: 


. Bassxy, E. B., 


. Brown, E. L., 


. V. M.: 


. 


. Maas, O., 


. Mepvepeva, G. A.: 


tion of rhythmical stimulations as a new method of 
studying and diagnosis of trauma of the nervous sys- 
tem. J. Neurosurg. U.S.S.R. 1:54, 1945. 
Osservazioni sul morbo di Steinert, con 
particolare riguardo alla cartaratta. Arq. neuro-psiquat. 
9:1, 1951. 

and A. A.: To the influ- 
ence of acetylcholine on the excitability of the central 
nervous system. Bull. Exper. Biol. & Med. U.S.S.R. 
6:174, 1938. 

and Harvey, A. M.: 
tonia in the goat. Brain 62:341, 


Congenital myo- 


1939. 


. CurscuMann, H.: Ueber familiare atrophische Myo- 
tonia. Deutsche Ztschr. Nervenarzt. 45:161, 1912. 

. Doscnevsxy, I. I.: To the studying of Thomsen’s 
disease. Weekly Practical Medicine U.S.S.R. 47:825, 
1900. 

. Freckenster, A., and Ricuter, F.: Weitere Unter- 


suchungen iiber die Aufhebung der Kontrakturwirkung 


von Acetylcholine, Cholin, Neurin, Nicotin, Coniin, 
Veratrin, Kaliumchlorid und Rubidiumchlori? 
den Anelektrotonus. Arch. ges. Physiol. 257:1, 1953. 
. Gurvicn, E. S.: To the pathogenesis of ‘iuomsen’s 
disease. J. Psych., Neurol. & Psychiat. U.S.S.R. i: 102, 
1922. 
. Hmscn, D. R., Dancis, J., and Warp, R.: Myotonia 


J. Pediat. 35:760, 1949. 

The pharmacological characteristic 
of cholinergic and epinephrine structures of the body. 
J. Modern Biol. U.S.S.R. 21:1, 1946. 

D. B., and Curnnen, E. C.: An electro- 
myographic study of myotonia. Arch. Neurol. & Psy- 
chiat. 35:253, 1936. 

and Paterson, A.: The identity of myo- 
tonia congenita (Thomsen’s disease), dystrophia myo- 
tonica and paramyotonia. Brain 62:198, 1939. 


congenita. 


. Marxostan, A. A.: To the influence of choline and 
acetylcholine on the chronaxy of the motor area of 
cerebral cortex. Bull. Exper. Biol. & Med. U.S.S.R. 


4:119, 1937. 

Inactivation of cholinergic me- 
diator in the body by absorption. U.S.S.R., doctorial 
thesis, 1945. 

Nevin, S.: A study of the muscle chemistry in myas- 
thenia gravis, pseudohypertrophic muscular dystrophy 
and myotonia. Brain 57:239, 1934. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 
26. 


27. 


28. 


33. 


34. 


. M. 


. Vorxova, I. 


. Vvevensky, N. E.: Collected Works. 


NrevseN, J. M., and Lioyp, L. G.: Myotonia atrophi- 


ca and acquisita. Bull. Los Angeles Neurol. Soc. 17: 
97, 1952. 
PereELMAN, L. B.: The role of mediators in the ef- 


ferent and afferent functions. U.S.S.R., doctorial thesis, 
1946. 


Ravin, A.: Myotonia. Medicine 18:443, 1939. 
Ravin, A.: Studies in dystrophia myotonica. Arch. 
Neurol. & Psychiat. 43:649, 1940. 

Roserts, F. J.: Treasury of inheritance. Brit. M. J. 
1:395, 1949. 

Rosett, J.: A study of Thomsen’s disease, based on 


eight cases in a family exhibiting remarkable inheri- 
tance features in three generations. Brain 45:1, 1922. 
Rustnov, V. S., and Cuucunov, S. A.: The muscular 
potentials of action in Thomsen’s disease. J. Modern 
Psychoneurol. U.S.S.R. 5:91, 1938 

Rustnov, V. S., and Cuucunov, S. A.: The electro- 
physiological analysis of myotonic after-action. J. Neu- 
ropath. & Psychiat. 9:28, 1940. 

St. Georce, A.: Muscular Activity. 
edition. 

Suea, P. A., Woops, W. W., and Tratar, A. A.: The 
myotonias. Arch. Neurol. & Psychiat. 68:794, 1952. 
Sorenson, S. N., and SHNEmERMAN, B. L.: The ex- 
perimental findings on the interaction between the 
acetylcholine and potassium in the animal body. Publ. 
Charcov Medical School, U.S.S.R. :284, 1946. 
Vasitiev, L. L.: The role of Vvedensky’s physiological 
doctrine in neuropathology. U.S.S.R., 1953. 
Vvedensky’s doctrine on the main 
nervous processes. U.S.S.R., 1952. 

N.: To the role of acetylcholine in the 
developing of central inhibition. Physiol. J. U.S.S.R. 
37:422, 1951. 


1947. Russian 


U.S.S.R., 
Academy of Sciences, U.S.S.R 


1953. 
Vol. 4. Publ. 


. Weiss, S., and Kennepy, K.: Clinical eupertments in 


myotonia congenita with especial reference to 
parasympathetic nervous system. Arch. 
Psychiat. 11:543, 1924. 

Woutrart, G.: Dystrophia myotonica and myotonia 
congenita; histopathologic studies with special reference 
to changes in the muscles. J. Neuropath. & Exper. 


the 
Neurol. & 


Neurol. 10:109, 1951. 

Zusxov, A. A.: The materials on the physiology and 
pathology of cholinesterase. Publ. Molotov’s Medical 
School, U.S.S.R. 71:91, 1942. 


| 
3 
4 
= 
. = 
6 
7 = 
8 
9 
10 
il 29 
12 = 
13 31 
32 | 
| 
15 


Incidcuce of cerebral infarction associated 


with ruptured intracranial aneurysms 


A study of 8 unoperated cases of anterior cerebral aneurysm 


Sheila H. Birse, M.B., Ch.B., and Mary I. Tom, B.A., M.B. 


Tue cause of death after rupture of a berry 
aneurysm has often been in doubt in cases in 
which the amount and position of the hemor- 
rhage were inadequate to account for the fatal- 
ity. 

In an attempt to elucidate this problem, we 
have made a study of the brains of all patients 
with ruptured intracranial aneurysm received 
in this department over a period of eighteen 
months. From these, we have selected 8 pa- 
tients with aneurysm of the anterior cerebral- 
anterior communicating complex who died 
from three days to four and a half weeks after 
the first rupture. Apart from diagnostic lumbar 
puncture and carotid arteriography, no surgical 
procedures had been undertaken in these pa- 
tients. Hypothermia was used terminally in 1, 
and another was treated by this method for 
five days. The patients, 6 of whom were hyper- 
tensive, ranged in age from 37 to 78 years, 
with an average age of 58. 

In instances of ruptured aneurysm, we have 
frequently confirmed Robertson’s' observation 
of gross cerebral infarctions at post mortem, 
and these 8 brains have therefore been studied 
in detail to determine the extent, distribution, 
and possible etiology of such infarcts. 


METHOD 


At least 1 section of cerebral cortex and 
white matter was taken from the areas supplied 
by each anterior, middle, and posterior cere- 
bral artery. In addition, a section from the 
basal ganglia in the distribution of one or both 
middle cerebral arteries was examined. These 
sections were made routinely whether or not 
there was visible or palpable evidence of 
softening. Sections also were made of the 


aneurysm, the left and right anterior cerebral 
arteries, and other arteries as seemed appro- 
priate. 

Paraffin sections were prepared and stained 
with hematoxylin and eosin, phosphotungstic 
acid hematoxylin, and cresyl violet. 


FINDINGS 


The terminal event in 3 of the 8 cases was 
a rupture of the hemorrhage into the anterior 
horn of the lateral ventricle; 2 of these 2 and 1 
other with asymmetric cerebral swelling were 
found to have secondary increased intracranial 
pressure hemorrhages in the brain stem. 

Moderate or severe arteriosclerosis of the 
cerebral vessels was found in 2 cases and slight 
nodular arteriosclerosis in 5 others. In addition, 
1 showed moderate arteriolosclerosis. All the 
aneurysms had the typical structure of berry 
aneurysms with absence of the media and in- 
ternal elastic lamina; 3 contained recent and 2, 
agonal thrombus. In | instance, the thrombus 
extended into the anterior cerebral artery (Fig. 
8), but in no other case were thrombi or em- 
boli demonstrated in the major cerebral vessels 
or in their peripheral branches. 

In some cases, the larger cerebral arteries 
appeared to be excessively contracted. This 
contraction was most severe in the anterior 
cerebral arteries in the immediate vicinity of 
the aneurysm (Fig. 7). 


From the Division of Neuropathology, Department of Pa- 
thology, University of Toronto, and the Neurosurgical Divi- 
sion, Department of Surgery, Toronto General Hospital. 
Based on a paper read at the twentieth annual meeting of 
the American Acad of N 1 Surgery in Toronto, 
November 1958. 

This study was undertaken with the aid of a grant from 
Dr. E. A. Linell, Emeritus Prof: of Neurop 
University of Toronto. 
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DISTRIBUTION OF SOFTENINGS IN 8 CASES 


Site Right Left 
Anterior cerebral artery distribution 6 (2) 6 (3) 
Middle cerebral artery distribution 

Basal 0 2 
Cortical 4 (1) 6 (2) 
Posterior cerebral artery distribution 2 (1) 4 (1) 


Figures in parentheses indicate number of cases having 
grossly detectable softening. 


The most conspicuous finding in brain tissue 
was the frequent occurrence of cerebral infarc- 
tion. Softening over and above that around 
intracerebral hematomas was present in 7 of 
the 8 cases. 

Softenings were found in the distribution of 
all the major cerebral arteries (see table). 
They were most extensive in the areas supplied 
by the parent vessel of the aneurysm, the 
anterior cerebral, but were present almost as 
frequently in the areas supplied by the middle 
cerebral arteries. Increased intracranial pres- 
sure with asymmetric cerebral swelling prob- 
ably accounts for most of the softenings in the 


Fig. 1. (NP 263/57) Hemorrhagic disrup- 
tion of the right septal area by rupture of 
anterior cerebral aneurysm 


Fig. 2. (NP 263/57) Macroscopic soften- 
ings of three weeks’ duration on the lateral 
surface and at the tip of the left frontal lobe 
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distribution of the posterior cerebral arteries. 
The figures in parentheses in the table show 
the incidence of macroscopic infarcts, which 
occurred in only 3 cases. The contrast in the 
figures is an indication of the striking number 
of infarcts that would. have been missed if 
microscopic examination had not been made 
of sections from areas which, on gross inspec- 
tion, did not appear to be softened. 

The septal area was destroyed in 7 of the 
8 cases, bilaterally in 4 (Fig. 1). The destruc- 
tion was obviously due to direct trauma by 
the hemorrhage from the adjacent aneurysm, 
rather than ischemic infarction. Of the 3 
intracerebral ruptures, 2 tracked through the 
septal area. 

Figures 2 and 3 demonstrate 2 of the 
types of softening encountered. Grossly visible 
softening of three weeks’ duration is seen in 
the left frontal lobe in areas supplied by both 
the anterior and the middle cerebral arteries 
(Fig. 2). The microscopic infarcts were fre- 
quently focal and often multiple within 1 small 
area. Most often, these were confined to the 
cortex. The three-week softening in Figure 
3, from the same case as Figure 2, was 1 of 
several found within a single microscopic sec- 
tion from the lateral aspect of the left parietal 
lobe. The block appeared normal on gross ex- 
amination. 

In addition, in several cases, more diffuse 
cortical infarcts of an early age were noted, 
in which the microscopic findings were edema 
of the tissue, and shrinkage with eosinophilia 
of the cytoplasm of the nerve cells without 
much evidence of destruction of the back- 
ground tissue. These were too recent to be 
either visible or palpable but might, at a later 
stage, have been detectable on gross examina- 
tion. 

Another microscopic finding in 6 of the 
cases, including the 1 in which no infarction 
was demonstrated, was acute eosinophilic de- 
generation of occasional scattered nerve cells. 
This change was reminiscent of that seen in 
cases of anoxic anoxia and hypoglycemia. 

Softenings of 2 or more histologic ages were 
noted in 4 of the cases. These corresponded 
fairly closely with episodes in the clinical 
histories suggestive of recurrent hemorrhage. 

No correlation between the volume of sub- 
arachnoid hemorrhage and the degree of resul- 
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CEREBRAL INFARCTION AND RUPTURED ANEURYSMS 


tant cerebral softening was found; 2 patients 
with massive subarachnoid hemorrhage had 
little or no softening, while 1 with very minor 
leakage had very extensive and widespread in- 
farction. 

Softening was demonstrated in both cases 
in which no arteriography had been perforined. 
In 4 cases, surviving from five days to four and 
a half weeks from the time of the first hemor- 
rhage, the softening was extensive. These were 
the 2 youngest and 2 older patients. 


CASE REPORTS 


Case 1. K. O’N. (NP 367/57) This 37-year-old 
man, who suffered frequent headaches and had a 
moderate labile hypertension for twelve years, had 
a subarachnoid hemorrhage twelve days before 
death and recurrent episodes with transient loss of 
consciousness on the following two days. Right 
carotid arteriography on the third day showed an 
aneurysm of the right anterior cerebral artery and 
lack of filling of the left anterior cerebral artery. 
His temperature fluctuated between 102 and 104° 
F. and the blood pressure, between 260/140 and 
95/80. Four days Sate death, there was a rapid 
deterioration with development of paraplegia. 

Postmortem examination revealed nephrosclero- 
sis, atherosclerosis, and left ventricular hypertro- 
phy, with slight early bronchopneumonia. The 

rain weighed 1,350 gm. Small, bilateral sub- 
dural hematomas were found over the vertex. The 
subarachnoid hemorrhage was massive. A pea- 
sized aneurysm of the right anterior cerebral- 
anterior communicating junction, which was filled 
with laminated clot, had ruptured into the right 
olfactory sulcus, also damaging the right septal 
area. The cortex compressed by this subarachnoid 
hematoma showed softening consistent with twelve 
days’ duration (Fig. 4). 

Softening could barely be aan along the 
superomesial borders of the cerebral hemispheres 
and on the lateral surface of the left parietal lobe 
(Fig. 5). A small hemorrhagic softening was noted 
on the lateral aspect of the right occipital lobe. 
Histologically, these were of about eight to ten 
days’ 

The microscopic sections revealed more wide- 
spread infarction than was suspected on gross 
examination. Those of the middle cerebral supply, 
in the right frontal and occipital lobes and the left 
caudate nucleus (Fig. 5), were also about eight 
to ten days in age. 

Sections throughout the distribution of both an- 
terior cerebral arteries showed more recent focal 
softenings involving mainly the cortex, more ex- 
tensive on the right. It is of interest that, when 
the brain was subsequently reexamined after it 
had been in formalin for several weeks, these 
widespread, though focal, softenings had become 
(Fig. 6). 

Slight nodular atheroma of the internal carotid 


Fig. 3. (NP 263/57) Focal cortical infarct 
of three weeks’ duration in the left parietal 
lobe. (Hematoxylin and eosin. x 35) 


Fig. 4. (Case 1) Cortical disruption and 
softening due to compression by subarach- 


noid blood clot in the right olfactory sulcus 


arteries and at the aneurysm site was seen. Both 
anterior cerebral arteries and the left middle cere- 
bral artery were contracted (Fig. 7). 

The laminated clot within the aneurysm sac was 
of several days’ duration. A plug of platelet throm- 
bus found in the right anterior cerebral artery at 
the neck of the aneurysm probably represented the 
tail of a retrograde thrombus, extending back into 
the artery from the aneurysm (Fig. 8). No emboli 
were found in any of the sections. 

Possibilities that must be considered in expla- 
nation of this man’s softenings are vascular spasm, 
the several rapid falls in blood pressure, and em- 
bolism from the thrombosed aneurysm. 

In 1 of our 8 cases, however, embolism from 
the aneurysm can virtually be excluded. 


Case 2. I. McK. (NP 488/57) This 42-year-old 
woman, whose previous blood pressure range was 
from 120/70 to 130/78, had leakage from her an- 
terior —— aneurysm over a period of 
about twenty-four hours one week before her 


death. She was admitted unconscious in a state 
of decerebrate rigidity, with a blood pressure of 
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NP 367/57 


@ focal microscopic softenings 


Fig. 5. (Case 1) Diagrammatic a of 
macroscopic and microscopic cerebral infarction 


NP 367/57 


@ haemorrhagic disruption of brain tissue 


softening palpable after one week's fixation 
softening palpable after prolonged fixation 


Fig. 6. (Case 1) Diagrammatic representa- 
tion of palpable softening of the mesial as- 
pect of the right cerebral hemisphere 


100/54. The blood pressure remained at this level 
or lower until her death six days later. During 
this time, she showed a gradual improvement un- 
der treatment by hypothermia but died suddenly, 
about twenty-four hours after hypothermia was 
discontinued. 

Postmortem examination was limited to the 
brain, which weighed 1,230 gm. and was edema- 
tous. The left occipital lobe was swollen. There 
was a trace of left subdural hemorrhage. The sub- 
arachnoid blood was scanty and aaleed to the 
frontal poles. 

Figure 9 shows the extent of the softenings 


palpated on gross examination after several 
days’ fixation in formalin and again at a 
much later date. Here, too, unsuspected 
focal cortical softenings were found on mi- 
croscopy. Scattered necrosis of nerve cells 
also was occasionally seen. Infarcts were 
found in 3 out of 5 sections of cortex from 
the area of supply of the right middle 
cerebral artery. 

No arteriosclerosis was seen, except at 
the aneurysm site. The large berry aneu- 
rysm was empty. The anterior cerebral ar- 
teries were contracted. The right anterior 
cerebral artery proximal to the anterior 
communicating had not filled on arteriog- 
raphy and was found at autopsy to be 
threadlike. The posterior communicating 
artery was also inadequate (Fig. 10). Al- 
though a circle of Willis was present, no 
flow of blood from the aneurysm sac to the 
right middle cerebral artery was possible 
through either the right anterior cerebral 
or the right posterior communicating ar- 
tery. Thus, the right middle cerebral infarcts can- 
not have been caused by embolism from the an- 
eurysm. 

Brief mention might be made of 7 cases of in- 
ternal carotid or middle cerebral aneurysm sur- 
viving more than twenty-four hours. In 5 of these, 
the neck of the bleeding aneurysm had been 
ee Remote softening was demonstrated in 
5 of the 7 cases. In the 1 unoperated case, the 
aneurysm sac had been completely sheared off the 
right internal carotid artery. Carotid arteriograms, 
repeated after the development of left hemiplegia 
five days after admission and three days before 
death, showed a diminution in the caliber of the 
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Fig. 7. (Case 1) Marked contraction of the 
right anterior cerebral artery immediately 
proximal to the anterior communicating ar- 
tery. (Phosphotungstic acid hematoxylin. 
x 17) 


ANT 


NAY, softening palpable after one week's fixation 
E53 softening palpable after prolonged fixation 
@ focal microscopic softenings 


Fig. 9. (Case 2) Diagrammatic represen- 
tation of macroscopic and microscopic 


cerebral infarction 


right internal carotid artery and its branches. This 
brain showed softening in all regions of the cere- 
bral hemispheres, all of about one to three days’ 
duration in histologic appearance. 


COMMENT 


This study has corroborated Robertson’s be- 


Fig. 8. (Case 1) Platelet thrombus just with- 
in the right anterior cerebral artery at the 


neck of the aneurysm. (Phosphotungstic acid 
hematoxylin. x 15) 


NP 488/57 


lief that cerebral infarction occurs commonly 


Fig. 10 (Case 2) Cir- 
cle of Willis showin 
anomalously 
right posterior com- 
municating artery 
and mnie part of 
the right anterior 
cerebral artery. 


NP 488/57 
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after rupture of an intracranial aneurysm. The 
most outstanding finding was the high inci- 
dence of focal infarction found on microscopic 
examination of tissue appearing grossly normal 
or, at most, edematous. As far as we are aware, 
these microscopic infarcts have not previously 
been recorded, with the possible exception of 
Case 12 in Frankel and Alpers” paper, in 
which the authors do not indicate whether they 
found their microscopic cortical infarcts in 
grossly normal tissue as well as in the area of 
macroscopic softening. 

Reexamination of the brain after prolonged 
fixation demonstrated previously unsuspected 
cerebral infarction in several cases. 

It is felt that widespread cerebral compli- 
cations played a major part in causing death in 
at least 2 of the cases, in addition to giving 
rise to some of the clinical neurologic signs 
and symptoms. 

The etiology of remote softening associated 
with rupture of a berry aneurysm remains ob- 
scure. In each case, various possibilities were 
considered. These included thrombosis and 
embolism, pressure from hematomas, cerebro- 
vascular disease, arterial spasm, and hypoten- 
sion. No one factor common to all the cases 
was found. 


SUMMARY 

Detailed examination has been made of the 
brains of 8 patients dying, without operative 
interference, as a result of rupture of a berry 
aneurysm of the anterior cerebral—anterior 
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communicating complex; 5 of the aneurysms 
contained recent or agonal thrombi. 

Cerebral infarction related to the hemor- 
rhage from the aneurysm was detected in 7 
of the 8 cases but was grossly demonstrated 
in only 3. In all 7 cases, softening was present 
in the areas of supply of the parent vessel of 
the aneurysm. Remote infarction also was 
found in 6 cases. 

Of the 8 cases, 6 showed eosinophilia of the 
cytoplasm of scattered cortical nerve cells, sug- 
gestive of anoxic anoxia. 

Gross and microscopic examination failed to 
reveal the cause of the cerebral infarcts. In 1 
case, it was possible to exclude embolism from 
the aneurysm sac as a causative factor in some 
of the remote lesions. 

A similar incidence of remote softening was 
found in 6 surgically treated cases of berry 
aneurysm and 1 unoperated case of an aneu- 
rysm of the internal carotid artery. 


The authors wish to thank Dr. E. A. Linell of the Divi- 
sion of Neuropathology, University of Toronto, and Dr. 
E. H. Botterell of the Neurosurgical Division, Toronto 
General Hospital, for their encouragement and advice. 
We are indebted to Mrs. D. Elliott, Mrs. J. Gallacher, and 
Miss M. Budd of the Division of Neuropathology for their 
careful preparation of the extensive histologic material, to 
Miss C. Bell for her secretarial assistance, and to Miss E. 
Blackstock, Department of Art as Applied to Medicine, for 
the drawings. 
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Effect of serotonin in migraine patients 


Robert W. Kimball, M.D., Arnold P. Friedman, M.D., 
and Edward Vallejo, M.D. 


LittLe is known of the factors that predispose 
to migraine or the biochemical events that 
initiate the disturbances characteristic of this 
condition. Earlier studies by Marcussen and 
Wolff! have shown that an initial phase of 
vasoconstriction is responsible for the prodro- 
mal symptoms, while the pain follows a mark- 
ed distention of cranial vessels that are tem- 
porarily hypotonic. They also have presented 
certain evidence which presumably indicates 
that a pain threshold—lowering substance ren- 
ders the distention of the large arteries pain- 
ful.2, However, alteration in tone, lumen, and 
pain threshold of the arteries alone cannot ex- 
plain the complex symptomatology of the 
migraine attack. 

Jimenez Diaz and associates* have indicated 
that, during the migraine attack, there is a 
release of a substance more stable than acetyl- 
choline, which they term S.A.C. acetylcholine- 
like substance. They also conclude that the 
normal choline acetvlate system is different in 
these patients. Kunkle also relates this multi- 
system disturbance to a preponderance of 
parasympathetic nervous activity as mani- 
fested by a release of acetylcholine. An acetyl- 
choline-like substance has been detected in 
cerebrospinal fluid during some intracranial 
vascular headaches of migraine type. These 
and other studies cast light on the nature of 
the pathophysiology of migraine, vet the pri- 
mary event in the migraine attack remains 
undetermined. The effects of serotonin (5- 
hydroxytryptamine—HT) suggest themselves 
as a means of gaining further understanding 
of migraine. 

The present study undertakes to determine 
the effects—clinically, physiologically, and 
biochemically—of serotonin and its precursor, 


5-hydroxytryptophane (HTP), on patients with . 


migraine. The physiologic significance of HT 
is implied by its potency in the central nervous 
system, gastrointestinal tract, cardiovascular 


system, and blood. The cardiovascular phe- 
nomena associated with HT excess are particu- 
larly interesting, in that its ability to produce 
vasoconstriction in some instances, and in 
some instances vasodilation, raises the possi- 
bility that this or a similar substance is the 
trigger, or part of the trigger mechanism, in 
patients with vascular headaches, that is, mi- 
graine. The nervous, cardiovascular, gastroin- 
testinal, and renal effects of HT all have their 
counterparts in the migraine syndrome. It has 
been stated by other observers that exogenous 
HT can elicit an attack of migraine,® and ob- 
servations with a monoamine oxidase inhibitor 
have been interpreted to indicate that HT ag- 
gravates the symptoms of migraine.® Wolff 
and associates’ have reported that, in 3 cases, 
temporal perivascular-injected HT induced ef- 
fects similar to clinical migraine. This and 
other clinical studies suggest that a biochemi- 
cal lesion of fundamental importance exists in 
migraine. 


MATERIALS AND METHODS 


Patients used in this study were a group of 
18 females and 17 males between the ages of 
24 and 70, all of whom meet our previous 
criteria for migraine’ and are otherwise in 
good health. They were all studied at the 
Montefiore Hospital Headache Unit. Complete 
physical and neurologic examination was done 
on each patient. 

In each subject, the electroencephalogram 
and pulse wave were recorded before and after 
intravenous HT and HTP; 5 mg. of HT was 
given over a five-minute period, and vital signs 
were observed during injection. The dose of 


From the Headache Unit, Montefiore Hospital, New York 

City. 

This study was supported in part by the Warner-Chilcott 
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HTP varied from 10 to 20 mg. and was given 
in a period of one to two minutes. All experi- 
ments were controlled with saline injection by 
means of a double-blind technic. 

Having received the HT and HTP, 25 pa- 
tients received phenelzine in doses of 75 mg. 
per day for one week, in order to increase 
endogenous HT. Plasma levels of HT were 
determined in 3 patients after this treatment 
and in 3 patients with spontaneous headache; 
these levels were compared to those found in 
patients without headache and without treat- 
ment. 

After a week's treatment with phenelzine, 
3 subjects received BOL (2-bromo-LSD) in a 
single intravenous dose of 1.5 mg., while 10 
received 1.25 mg. per day for one week. 

After phenelzine, 9 patients received 25 mg. 
of chlorpromazine intravenously; 15 subjects 
received 2.5 mg. of reserpine intramuscularly. 
Of these, 5 were receiving phenelzine at the 
time. 

Injections of 0.1 mg. HT were given to 10 
subjects near the temporal artery after in- 
duction of 3° of temperature elevation by 
means of hot water immersion. 


RESULTS 


The symptoms produced by intravenous 
HT in the migraine subjects were faintness, 
flushing, and paresthesias. No consistent sig- 
nificant change in pulse, respiration, or blood 
pressure was observed. Transient dyspnea was 
observed in all but 4 patients. All symptoms 
were transient and were more marked in the 
female than in the male patients. In 4 of the 
males, no symptoms or objective changes were 
noted. In no instance did a headache follow 
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intravenous HT or the paratemporal infiltra- 
tion of HT. Intravenous HTP in doses as high 
as 16 mg. produced no symptoms whatever. 

Electroencephalograms in all subjects were 
normal, and no change followed intravenous 
HT or HTP. No characteristic change in ampli- 
tude or contour of pulse tracings was observed 
with either HT or HTP. No significant change 
in plasma HT was found in the 3 patients with 
spontaneous headache. An increase in plasma 
HT was seen in patients receiving the mono- 
amine oxidase inhibitor, phenelzine. There 
were no findings to indicate deviation from the 
usual metabolism of HT (Fig. 1). 

In all patients but 1 receiving phenelzine 
over one-week periods, headaches decreased 
markedly in severity or frequency. BOL fol- 
lowing phenelzine produced no further change 
in frequency and severity of headaches. Single 
25-mg. intravenous doses of chlorpromazine 
in 9 phenelzine-primed patients produced no 
effect but somnolence; 10 patients received 
BOL for periods of one week with a marked 
improvement of headaches. In 5 patients, 
spontaneous headaches were relieved with 
5 mg. of HT intravenously, and, in 3 patients, 
they were relieved with HTP. HTP also re- 
lieved reserpine-induced headaches in 5 cases. 
Reserpine produced a migraine-like syndrome 
in 10 patients. 


DISCUSSION 


Headache (migraine) is produced in mi- 
grainous patients with intramuscular injection 
of 2.5 mg. of reserpine. Headache is not 
produced by chlorpromazine, another tran- 
quilizer that presumably has a different mode 
of action. Chlorpromazine does have some 
sympatholytic effect, which might result in a 
reduced blood vessel tone. 

When reserpine is administered, vasodilation 
is observed. This could be due to the release 
of and action of HT or could be a parasym- 
pathomimetic effect. In animals, when HT is 
infused intravenously rapidly, the blood pres- 
sure will rise, and when HT is infused slowly 
or when HTP is given, there is a fall in blood 
pressure. Since the parasvmpathomimetic ef- 
fects that follow reserpine are known to con- 
tinue on chronic dosage, it would be improb- 
able that they are a direct action of HT. These 
effects could be due to an increase in acetvyl- 
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choline activity or a relative overplay of acetyl- 
choline based on the reduction of such sympa- 
thetic substances as epinephrine, norepine- 
phrine, and HT. 

The present studies show that HT and 
HTP given intravenously do not produce mi- 
graine. This would further argue that the 
reserpine migraine effect is not due to an 
action of HT. The raising of the endogenous 
level of HT by the use of a monoamine oxidase 
inhibitor, phenelzine in this study, does not 
produce migraine. The administration of BOL 
does not invoke or aggravate migraine. It is 
at least of passing interest that headache has 
not been reported with the carcinoid syn- 
drome.*!! 

Rather, HT and/or its precursor HTP, given 
intravenously, relieve migraine and also relieve 
the migraine model (reserpine) headache. 
Also, phenelzine reduces the incidence and 
severity of migraine attacks. The same is true 
of BOL. 

Virtually no drug has a pure action, and the 
effects seen in these experiments could be non- 
specific ones. However, the substances are all 
sufficiently closely related chemically so as to 
share certain pharmacologic actions and cer- 
tainly to share the ability to attach themselves 
to the same receptor sites (Fig. 1). An ex- 
ample of this multiplicity of action is phenel- 
zine, which has, on intravenous injection, a 
svmpathomimetic effect similar to such drugs 
as norepinephrine or amphetamine (also use- 
ful in migraine). Phenelzine also produces a 
svmpatholytic-like effect resulting in postural 
hypotension. At the same time, the circulating 
and brain HT increases, and we get a psychic- 
energizer action, presumably due to the affinity 
of this substance for monoamine oxidase and 
the resultant blocking of these receptor sites. 

From the current therapy in migraine, we 
see this same difficulty of multiplicity of 
effects, since the ergot derivatives are both 
vasoconstrictor, presumably through a direct 
muscle action, and adrenolytic or sympatho- 
lytic, causing a reversal of epinephrine effects. 

It is also possible that more mechanisms 
than 1 are involved in the provoking of an 
individual attack and therefore are available. 
as an approach for the treatment of an attack. 
But, if we assume that the headache produced 
by reserpine is due to a reduction in HT at a 
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Fig. 2. Schematic representation of block- 
ing agents and their influence on HT and 
norepinephrine 


vascular site, the effect of HT and its precursor 
HTP in replacing this would follow and head- 
ache relief could be expected. The effect of 
phenelzine would also be explained, as the 
monoamine oxidase blockade resulted in a pro- 
tection of endogenous HT. 

One would have some difficulty in explain- 
ing the role of BOL on this basis except that, 
at the site which we may be discussing, it may 
have the same effect as HT. The anti-HT 
effect of BOL is usually demonstrated with 
blood vessels in vitro, and it need not follow 
that the effect being observed on contraction 
and relaxation in such a system is the effect 
that we are studying in migraine. It is highly 
unlikely that BOL is a pure pharmacologic 
entity and that it does not have some of the 
same actions that both phenelzine and HT 
show (Fig. 2). 

This situation is further complicated by the 
possibility that all of these substances are act- 
ing in the central nervous system and not at 
the vessel site, since they are all known to have 
such effects. Even HTP has been shown to be 
capable of producing hallucinations when ad- 
ministered in large quantities.’? 

The ameliorating effect attending increased 
endogenous serotonin is unaffected by the 
peripheral blocking action of BOL. This ob- 
servation can be interpreted as evidence 
against the peripheral site. That the serotonin 
effect and release of acteylcholine are inde- 
pendent events is suggested by the relief of 
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Fig. 5. Effect of phenelzine (W-1544) on 
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headache by HTP without interrupting pro- 
nounced vagal effects, for instance flushing. 
Separation of peripheral and central effects 
depends on the impermeability of blood-brain 
barrier to HT and the permeability to HTP. 
The mechanism whereby HT exerts its central 
nervous system influence has been partially 
adumbrated by the study of reserpine’s effect 
on the central nervous system. Reserpine de- 
pletes the brain of serotonin and produces cer- 
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tain pharmacologic effects, for example, pro- 
longation of sedation. Whether these effects of 
reserpine are caused by free serotonin or by 
its absence from the brain cells is not certain. 
The explanation that reserpine’s effects are due 
to free serotonin assumes that small amounts 
of serotonin cross the blood-brain barrier.13 On 
this point there is a degree of uncertainty. 
That some serotonin could cross the blood- 
brain barrier offers no hardship to the interpre- 
tation of our results and, in fact, could account 
for the improvement in spontaneous headache 
observed to follow intravenous HT (Fig. 3). 

While there is evidence to support the view 
that depletion of HT and migraine are related, 
difficulty arises in attributing the ameliorating 
effects of phenelzine solely to the attendant 
rise in HT. The effect of the phenelzine mole- 
cule itself has been neglected, and further 
observations are necessary in order to deter- 
mine the effect of amines, other than HT, that 
accumulate as a result of monoamine oxidase 
inhibition (Figs. 4 and 5). 

A number of points remain to be elucidated, 
among which is the peripheral effect of reser- 
pine. In the absence of strong supporting 
evidence for peripheral action of HT in mi- 
graine, the reproducibility of migraine by HT 
depletion can be considered a useful hypo- 
thesis for further study of the migraine prob- 
lem. 


SUMMARY 


1. Neither HT nor HTP has induced mi- 
graine by intravenous administration in 35 
cases. Subcutaneous paratemporal arterial in- 
jections of HT in 25 cases failed to produce 
symptoms of migraine. 

2. Increase in endogenous serotonin by 
means of phenelzine, a monoamine oxidase 
inhibitor, did not provoke migraine. 

3. Peripheral block of serotomin by BOL 
has not provoked migraine. 

4. HT and HTP did not produce electro- 
encephalographic changes in 35 cases of mi- 
graine with normal tracings. 

5. Reserpine (2.5 mg. intramuscularly) in- 
duced typical migraine headache in 9 of 10 
patients by a mechanism remaining to be 
clarified. 

6. Phenelzine, a monoamine oxidase inhibi- 
tor, given over a short period of time in this 
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series, has markedly reduced the frequency 
and severity of migraine. 

7. BOL given over a short period of time in 
this series has markedly reduced the frequency 
and severity of migraine. 

8. HT has abolished spontaneous migraine 
headaches. HTP has abolished both spon- 
taneous migraine and reserpine-induced head- 
aches. 

9. In 3 instances of spontaneous migraine, 
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the plasma level of HT was found to be not 
remarkably altered. 


10. Possible mechanisms of migraine and 
the role of serotonin are discussed. 


The authors wish to thank Drs. William Govier, Saul 
Korey, and Joseph White for their advice and suggestions 
and Mrs. Elsie Kath for her ist in carrying out 
this research project. 
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Circulation of the spinal cord 


studied by autoradiography 


Eiichi Otomo, M.D., Charles Van Buskirk, M.D., and 
Joseph B. Workman, M.D. 


THE EFFECT of ischemia on the spinal cord has 
been studied by many workers. In 1669, Niels 
Stensen,' followed by Dubois-Reymond? and 
others,*-" ligated the abdominal aorta in the 
rabbit and studied the effect of this operation 
on the spinal cord. After ligation of the ab- 
dominal aorta for thirty to forty-five minutes, 
Ehrlich and Brieger® noted physiologic re- 
covery in a short time. Ligation for one hour 
or more produced persistent flaccid paralysis. 
Some of their animals remained alive for six 
and one-half weeks, and, in these, advanced 
destruction was noted in the gray matter of 
the cord. The spinal ganglia and dorsal roots 
appeared normal, while the ventral roots were 
completely replaced with connective tissue. 
The posterior column appeared normal with 
the exception of a small area near the gray 
commissure. The anterolateral white column 
showed degeneration, except for the pyramidal 
and spinocerebellar tracts. They believed that 
the degeneration noted was confined to short 
tracts. Singer? confirmed their results. 
Spronck® found that ligation of the aorta 
for ten minutes produced no changes, while 
ligation for thirty minutes produced inconstant 
results. His histologic findings agreed with 
those of Ehrlich and Brieger. Herter® con- 
cluded that compression of the abdominal 
aorta lasting for less than forty-five minutes 
produced a paralysis that rapidly disappeared 
and that compression for more than an hour 
was necessary to produce a permanent paraly- 
sis. He found no disturbance in sensation. 
Observations on the ischemic changes of 
the neurons of the spinal cord following oc- 
clusion of the abdominal aorta, either through 
a surgical procedure or by external compres- 
sion against the spinal column, were made 
during the nineteenth century by many investi- 
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gators.°-!8 De Buck and de Moor!® extensive- 
ly reviewed all studies on this subject up to 
1900, adding their own experiments with the 
rabbit. They concluded that thirty minutes of 
ischemia produced by ligation of the abdomi- 
nal aorta would produce total destruction of 
the neurons in the anterior horn. They noted 
that a period of from one and one-half to two 
hours must elapse after reestablishment of cir- 
culation before any histologic evidence of 
ischemia would appear. Tureen*® ligated the 
thoracic aorta in cats immediately below the 
aorta arch and concluded that less than fifteen 
minutes’ ligation is compatible with physio- 
logic and histologic recovery of the anterior 
horn cells. He found no histologic changes in 
animals killed less than seven hours after the 
compression, while animals that were sacri- 
ficed later, up to five days following ligation 
of the aorta, revealed a diffuse chromatolysis 
involving almost all the neurons in the anteri- 
or horn of the affected portion of the spinal 
cord, but, after six days, no histologic changes 
were noted. Paraplegia was observed before 
detectable histologic changes were apparent, 
and the neurons showed the greatest degree 
of cytologic change at a time when the paralvy- 
sis had disappeared. 

Tureen*! also noted that periods of partial 
ischemia result in excessive increase in miner- 
als within the nerve cell, which persist in a dis- 
organized manner for about one week after 
ischemia. Reorganization of the mineral struc- 
ture commenced within one week and was not 
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complete for a month. Periods of total is- 
chemia resulted in loss of minerals. Though 
Tureen failed to produce ischemic changes in 
the spinal cord with ligation of the abdominal 
aorta at the level of the left renal artery in the 
cat, Hiaggquist?? found that, in the rabbit, 
large motor cells and their axonal processes 
were most rapidly destroved after ischemia for 
fifteen minutes by external compression of the 
abdominal aorta. 

Rexed,?* using rabbits and the methods de- 
volped by Hiaggquist, measured the electrical 
irritability of the paralyzed muscle. No per- 
manent effects on function were obtained after 
ligation for less than fifteen minutes, while, 
after ligation for fifteen to twenty-five minutes, 
a persistent paralysis appeared in some ani- 
mals. The affected muscles showed a partial 
reaction of degeneration at times after fifteen 
to twenty-five minutes’ ligation. However, 
after a longer period, a flaccid paralysis was 
obtained and the affected muscles of these 
animals atrophied quickly and showed a total 
reaction of degeneration. Hochberg and Hv- 
den** compressed the abdominal aorta of rab- 
bits using Haggquist’s clamp. These authors 
found that the neurologic deficit resulting from 
a fifteen-minute ligation was reversible. Oc- 
clusion of the abdominal aorta for twenty-five 
minutes produced paralysis in the hind limbs, 
which was accompanied by a striking decrease 
in the nucleoprotein contents of the cytoplasm 
of the motor cells, noted within four hours 
after the period of ligation. The majority of 
the anterior horn cells underwent degenera- 
tion. The nucleic acids and proteins in both 
the nuclear apparatus and the cytoplasm dis- 
appeared at the onset of paralysis and were 
not replaced. 

Krogh,?*.26 also using Hiiggquist’s method 
in the rabbit, reported that, after ten to thirty 
minutes’ occlusion, the nerve cells in the cen- 
tral part of the anterior horn were more se- 
verely damaged than those in the peripheral 
regions of the anterior horn. He believed that 
this was due to differences in vascularization. 
Gelfan and Tarlov,?* on the basis of record- 
ings from the spinal cord after thoracic aorta 


ligation, concluded that the motor neurons are ° 


more sensitive to anoxia than the interneurons 
and that the interneurons are more sensitive 
than the fibers of the dorsal columns. They con- 


cluded also that complete recovery was pos- 
sible with less than thirty minutes of anoxia 
but that recovery was incomplete if aorta 
ligation continued for a longer period. Twenty 
minutes of ligation produced loss of function 
of all afferents. 

Yoss** produced experimental vascular le- 
sions of the spinal cord in the monkey. In his 
experiments, rather than occlude the aorta, he 
ligated a large anterior radicular artery near 
the twelfth thoracic anterior root in 1 monkey 
and occluded a large anterior radicular artery 
near the second lumbar anterior root in an- 
other monkey. He noted that, in the former 
case, there was definite degeneration of the 
dorsal and ventral spinocerebellar and spino- 
thalamic tracts above the lesions and degener- 
ation of the descending fiber tracts below the 
level of lesion. In the second animal, there 
was degeneration of all the major ascending 
and descending fiber systems. Woodward and 
Freeman*® ligated 6 adjacent thoracic nerve 
root pairs with the accompanying blood ves- 
sels in a dog and noted the loss of dorsal horn 
neurons to be constant. They also occluded 
the aorta for thirty-five minutes, producing 
irreversible paraplegia. Occlusions of the aorta 
for less than thirty-five minutes seemed to pro- 
duce transient changes and often failed to pro- 
duce any detectable deficit. Eiseman and 
Summers*® discussed the factors that affect is- 
chemia of the spinal cord during aortic occlu- 
sion and summarized the reports of clinical 
and experimental cases in the literature, not- 
ing the disagreement as to periods of ligation 
necessary for permanent damage. Adams and 
van Geertruyden*! extensively reviewed all 
clinical reports of aortic occlusion up to 1955 
and discussed the mechanism of ischemia of 
the spinal cord following aortic surgery. They 
concluded that the minimum safe time of oc- 
clusion of the circulation of the spinal cord is 
still unknown but that it is probably less than 
eighteen minutes in the human. 

The nature of lesions resulting from spinal 
cord anemia is also a controversial subject. De 
Buck and de Moor'® stated that Nissl’s stain 
was the most sensitive and satisfactory for de- 
tecting early changes and found they agreed 
with most workers in that the first change in 
the nerve cells is chromatolysis and then loss 
of staining qualities and that the nucleus is 
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usually more resistant than the cytoplasm to 
anoxia. Tureen*® noted a diffuse chromatolysis 
as the earliest lesion. Marinesco!-'4 alone de- 
scribed swelling of cells as the first change. 
Jatta!® and Sabro!! reported central vacuoliza- 
tion and homogenous atrophy of the nucleus. 
Swelling, fragmentation, atrophy, and fusion 
have been described as pathologic changes by 
various authors. Interstitial reactions, such as 
capillary dilation, capillary proliferation, and 
glial proliferation, also have been reported. 
Gildea and Cobb*? studied the effect of anemia 
on the cerebral cortex in the cat and agreed 
with previous investigators that there is no 
pathognomic histologic picture of anemia in 
nervous tissue. 

A review of the literature on spinal cord is- 
chemia indicates a difference of opinion re- 
garding the period of ischemia necessary to 
produce damage, as well as a difference of 
opinon regarding which areas of the cord are 
most sensitive to ischemia. Additionally, clini- 
cal observations indicate that the svndrome of 
anterior spinal artery occlusion is much more 
common than other partial cord ischemic svn- 
dromes. 

The present study was undertaken to as- 
certain whether the apparent greater frequency 
of anterior spinal artery ischemia and the ap- 
parent greater sensitivity to ischemia of the 
anterior part of the cord following aorta liga- 
tion might be related to differences in anatomy 
and physiology of the anterior and posterior 
spinal artery systems. 


MATERIALS AND METHODS 


A total of 81 healthy mongrel dogs weighing 
7 to 15 kg. and 6 spider monkeys weighing 5 
to 8 kg. were used. After intravenous Nembutal 
anesthesia (25 mg. per kilogram of body 
weight) and with artificial respiration, the 
chest was entered through the fourth inter- 
space and the descending aorta immediately 
distal to the origin of the subclavian artery 
was ligated for periods of time varying from 
ten to ninety minutes. Immediately after re- 
lease of the ligature, 1 mc. of radioactive phos- 
phorus (P**) per 4 kg. of body weight was 
injected into the femoral vein. The animals 
were sacrificed two hours after injection, with 
the exception of a few dogs that were killed 
one hour after the isotope injection. The spinal 
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cord was removed and fixed in 10% formalin, 
and sections were taken from each segment of 
the spinal cord from the upper cervical to the 
lower lumbar regions; 50-,. frozen sections 
and 9-,. paraffin sections were prepared. 

In 4 groups of dogs, the same procedure was 
followed, with some variations. In group 1, 
the dogs were injected with Adrenalin, up to 
5 cc. (1:1,000) intravenously during the thirty- 
five minutes’ ligation, which maintained a 
blood pressure in the carotid artery of 30 to 
40 mm. Hg above that usually noted. In a 
second group, the dogs were injected with 
adenosine triphosphate, up to 500 mg., and 
histamine, up to 2 mg., intravenously during 
a twenty-minute ligation to maintain the blood 
pressure approximately 30 to 50 mm. Hg lower 
than usual. In group 3, heparin, up to 12 ce. 
(12,000 units), was injected at the speed of 
2 cc. per five minutes during a_ thirty-five- 
minute period of ligation. In group 4, up to 
250 cc. of blood was withdrawn from the 
femoral vein during a twenty-minute ligation 
to prevent the elevation of blood pressure, 
which was usually caused by clamping the 
aorta. Immediately after release of the liga- 
ture, this blood was returned by way of the 
femoral vein. In addition, 2 dogs were in- 
jected with the usual amount of PS? intraven- 
ously, and cerebrospinal fluid was then ob- 
tained both by cisternal and lumbar puncture 
(L4-L5) two hours after injection. Radio- 
activity of the spinal fluid was measured 
by the usual beta counting technic—Geiger- 
Mueller tube and planchets. Finally, a similar 
amount of P32 was injected by cisternal punc- 
ture in 1 dog and by lumbar puncture (L4-L5) 
in another dog after aortic ligation for twentv 
minutes. These dogs were killed two hours 
after the injections, and sections of the spinal 
cord were prepared. All 50-,. sections were 
exposed to No-Screen x-ray film (Kodak) by 
contact for four weeks in a refrigerator. The 
film was developed and studied for evidence 
of radioactivity. The 9-». sections were stained 
by both cresyl violet and hematotoxylin and 
eosin and studied microscopically. 


RESULTS 


In the sections of the spinal cord of animals 
subjected to occlusion of the aorta for less than 
twenty-five minutes, with few exceptions, no 
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Fig. 1. Autoradiographs of thoracic cord. Radioactivity after thirty-five minutes of ischemia (left), 
after fifty minutes (middle), and after sixty minutes (right) 


ternal puncture 


bar puncture 


significant radioactivity was recognized. In 
most specimens, the meningeal membrane was 
recognized as a very thin dark circle on the 
negative film (Fig. 1). The results for different 
periods of aorta ligation are shown in Figures 
4 through 12. Radioactivity was most marked 
with longer periods of ligation. 

In general, radioactivity was greatest in the 
lower cord segments, being less in ascending 
segments of the thoracic regions. Almost no 
radioactivity was noted in the lower cervical 
segments. More radioactivity was found in 
gray matter, as compared to white matter 
(Fig. 1, left). No difference was observed be- 
tween areas supplied by the anterior spinal 
artery or the posterior spinal arteries. There 
was no evidence that the region bathed by 
cerebrospinal fluid had more radioactivity after 
intravenous injection of P32. In group 1, in 
which blood pressure was kept higher curing 
ischemia of thirty-five minutes, less radioactiv- 
ity was detected than expected for that period 
of ligation and that which was present was in 
lower segments (Fig. 13). In groups 2 and 4, 
in which blood pressure was kept lower than 
usual during ischemia, the cord showed a sig- 
nificant increase in radioactivity (Fig. 14). In 
the heparinized dogs, there was an apparent 


Fig. 2. (Left) Autoradiograph 
of cervical cord two hours after 
introduction of isotope by cis- 


Fig. 3. (Right) Autoradiograph 
of thoracic cord two hours after 
introduction of isotope by lum- 


slight decrease in radioactivity, as compared 
to other animals with aortic ligation of thirty- 
five minutes (Fig. 15). After cisternal injection 
of radiophosphorus, radioactivity was found in 
the region around the central canal and the 
outer border of the cord in all cervical seg- 
ments and in a few thoracic segments (Fig. 2), 
while, in the dog injected with P%2 in the 
lumbar subarachnoid space, all parts of the 
cord in every segment showed marked radio- 
activity (Fig. 3). 

The cerebrospinal fluid obtained by cisternal 
puncture from the dogs injected with P%2 intra- 
venously revealed 5 times as much radioactiv- 
ity as that collected by lumbar puncture (L4- 
L5). 

Histologic sections showed minimal and ap- 
parently reversible changes in the anterior 
horn cells in those animals subjected to is- 
chemia for less than thirty-five minutes. After 
ischemia for forty minutes, more definite 
changes were noted in neurons and were 
characterized by swelling and chromatolysis. 
The anterior horn cells were most frequently 
involved, but, in those animals subjected to 
longer periods of ischemia, some of the neu- 
rons of the posterior horns also showed these 
changes. 
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DISCUSSION 
a NO. POSITIVE RADIOACTIVITY Earlier vital dye experiments have shown 
23 | | | | | | | da cdaes | | | | | | | | the brain alter the blood-brain barrier within 
o71224445555444445555 the damaged regions. King **-** has demon- 
strated that all tvpes of lesions are not ade- 
2 NO. POSITIVE RADIOACTIVITY quate to alter the blood-brain barrier and 
229 900 0 000 1000 expressed the opinion that alteration of the 
25 | | | | | | do ledses | | | | | | | blood-brain barrier to permit passage of try- 
esO12335323 232212233331 pan blue is dependent upon an inflammatory 
and necrotizing process. Broman** also re- 
Ce Cr Ce Ti Te Ts Ts Ts Te Tr Ts To Tw Te Ts be Le ported that, as far as experimentation with 
trypan blue is concerned, the blood-brain bar- 


Fig. 4. Frequency of appearance of radio- 
activity in various segments of spinal cord 
two hours after aortic ligation of ten to 
twenty minutes 
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Fig. 5. Distribution of radioactivity in vari- 
ous segments of spinal cord in 8 dogs after 
twenty-five minutes of aortic ligation 
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Fig. 6. Distribution of | in vari- 
ous segments of spinal cord in 5 dogs after 
thirty minutes of aortic ligation 


rier is remarkably resistant to the lesions of 
total anoxia. Nevertheless, recent experiments 
indicate that a disturbance of the blood-brain 
barrier may occur without any accompanying 
edema after simple exposure of the cortex,** 
by injection of certain contrast materials,** or 
by coagulation of the external surface of the in- 
tact dura.** The amount of radioactive phos- 
phorus which enters the brain tissues from the 
blood is very small,**4° and it has been re- 
ported that the uptake of inorganic phosphate 
into organic combination and the diffusion 
from plasma into cells are slow.*! Bakay* 
noted that radioactive phosphorus is deposited 
in the brain to its entire depth within thirty to 
sixty minutes after intracisternal injection of 
P82 and ascertained the existence of a blood- 
brain barrier for P?2. He concluded that P*? is 
a more sensitive agent for study of this barrier 
than a vital dye.* 

The phosphate ion appears to enter the 
brain from the blood stream directly through 
the capillaries in the brain substance or by way 
of the capillaries of the choroid plexus and 
cerebrospinal fluid. It has been reported that 
the amount of P32 which enters the brain by 
way of the blood circulation is very small and, 
hence, the blood circulation must play a very 
insignificant role for the uptake of phosphates 
into the brain.**-*° Greenberg and associates*® 
have determined the velocity by which P%? 
penetrated the cerebrospinal fluid of the dog. 
An equilibrium was reached between cerebro- 
spinal fluid and blood plasma within two to 
four hours. There is rapid interchange of phos- 
phate between the cerebrospinal fluid and the 
brain substance.*?-#7 According to Bakay,** 
the highest concentration of the tracer after 
intravenous injection of P32 is to be found in 
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Fig. 7. Distribution of radioactivity in vari- 
ous segments of the spinal cord in 4 dogs 
after thirty-five minutes of aortic ligation 


the internal parts, as well as the surface of the 
brain, notably in the cortex and ventricular 
linings. Periventricular areas are highly active 
during the first hours after injection. 

There is no agreement on the role that cere- 
brospinal fluid plays in the phosphate supply 
of the brain.5! Sacks and Culbreth*™ arrived 
at the conclusion that P32 is made available to 
the brain entirely through the cerebrospinal 
fluid. Abood and associates*® challenged this 
concept by pointing out the importance of 
phosphate in the utilization of glucose in the 
brain. It was their opinion that the cerebro- 
spinal fluid pathway is not an essential or im- 
portant route for the exchange of substances 
within the central nervous system. Although 
Dawson*® concluded that it is impossible to 
make a definite statement as to the relative im- 
portance of the brain capillaries or the spinal 
fluid as pathways for penetration of substances 
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Fig. 9. Distribution of radioactivity in vari- 
ous segments of the spinal cord in 9 dogs 
after fifty minutes of aortic ligation 
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Fig. 8. Distribution of radioactivity in vari- 
ous segments of the spinal cord in 8 dogs 
after forty minutes of aortic ligation 


reaching the brain with the experimental re- 
sults at present available, Bakay,** as the re- 
sult of his extensive studies on this subject, has 
concluded the following. During the initial 
phase of absorption, P52 enters the brain by 
way of the cerebrospinal fluid after it has 
passed the blood-spinal fluid barrier. This 
phase is characterized by a large concentration 
of the tracer within the surface areas and is 
accompanied by a decline in the radioactivity 
of the cerebrospinal fluid. The pattern of dif- 
fusion is the same whether the tracer has been 
injected intravenously or intracisternally. The 
latter phase of absorption reveals a slow and 
gradual increase of P%2 concentration in the 
entire brain, presumably due to a direct pas- 
sage of the tracer material through the blood- 
brain barrier. The process of the initial phase 
remains superimposed on the late phase but 
becomes less evident as time elapses. 
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Fig. 10. Distribution of radioactivity in vari- 
ous segments of the spinal cord in 10 dogs 
after sixty minutes of aortic ligation 
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Fig. 11. Distribution of radioactivity in vari- 
ous segments of the spinal cord in 5 dogs 
seventy and ninety minutes after aortic liga- 
tion 


In the present experiments with intravenous 
injection of P52, there is no evidence that the 
regions bathed by cerebrospinal fluid had more 
radioactivity than other parts of the spinal 
cord. But radioactivity was revealed in the 
superficial areas and regions around the central 
canal of all cervical and a few thoracic seg- 
ments in the dog if the P52 was injected intra- ; 
cisternally. When P32 was injected in the lum- 
bar subarachnoid space, all parts of the spinal 
cord were found to be richly radioactive. 
Furthermore, approximately 5 times as much i 
radioactivity was noted in the cerebrospinal 
fluid obtained by cisternal puncture, as com- 
pared with fluid from the lumbar subarachnoid 4 
space two hours after intravenous injection of 1 
P82. These data indicate the delay in flow of 
cerebrospinal fluid from the cisterna magna to 
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the lower spinal subarachnoid space, as com- 
pared with diffusion of the P52 in the spinal 
fluid in the opposite direction. This may, in 
part, be due to the position of the animal, 
which was slightly head down. Additionally, 
they indicate that P52 penetrates the spinal 
cord by way of the intramedullary capillaries 
of the spinal cord rather than by way of the 
spinal fluid during the first two hours after in- 
travenous injection. 

It is generally known that the capillary pop- 


Fig. 12. Distribution of radioactivity in vari- 
ous segments of the spinal cord in monkeys 
after various periods of aortic ligation 
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Fig. 13. Effect of blood pressure elevation 
on distribution of radioactivity in the spinal 
cord after aortic ligation 


ulation of gray matter is 2 to 3 times as great 
as that of the white matter. In the spinal cord, 
the ventral gray column has a greater vascular- 
ity than do other parts of the cord.5? However, 
differences in capillary population do not ap- 
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Fig. 14. Effect of lowering blood pressure on 
the distribution of radioactivity in the spinal 
cord after aortic ligation 
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pear to be the sole determining factors as re- 
gards P32 uptake in the nervous system. Gron- 
toft®* studied the P°2 uptake of various parts 
of the rabbit brain, using radiogold (Au!98) 
to estimate the relative vascularity at the same 
time. The amount of P32 placed in various 
parts of the central nervous system was corre- 
lated with vascularity as determined by sepa- 
rate counting of Au!%8. The results indicate 
that the inequality of the capillary population 
in various parts of the rabbit brain do not ex- 
plain the difference in their P32 uptake. Abood 
and associates** remarked that the P32 turn- 
over in the corpus callosum is higher than in 
the caudate nucleus, despite the greater blood 
flow and metabolism of the latter. 

It has been suggested that the presence of 
P32 within the capillaries may be misleading 
in experiments of short duration.5° However, 
in the present experiments, although radio- 
activity was noted in the cord after ischemia 
lasting more than twenty-five minutes, no sig- 
nificant radioactivity was recognized after is- 
chemia of less than twenty-five minutes’ dura- 
tion. This fact indicates that the existence of 
P82 in the capillaries did not constitute a sig- 
nificant factor in these results. It would ap- 
pear, then, that the greater concentration of 
radioactivity in the gray matter, as compared 
to the white matter, noted in the present ex- 
periments was due primarily to ischemia. It 
is reported that the rate of introduction of P32 
into brain tissue from blood plasma increases 
under hypoxia.5> Whether the existence of P32 
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Fig. 15. Effect of heparin on distribution of 
radioactivity in the spinal cord after aortic 
ligation 
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in the tissue of the spinal cord is due to in- 
creasing absorption of nerve cells suffering 
from ischemia or due to diffusion of P32 pro- 
duced by disturbances of blood-spinal cord 
barrier is not easy to determine.**-*7 It might 
be suggested that P%2 is absorbed by hypoxic 
nerve cells during an initial phase, then, as 
ischemia progresses, the blood—spinal cord bar- 
rier breaks, causing diffusion of P32 from the 
capillaries into the tissue of cord; later, or 
superimposed on these processes, the diffusion 
from cerebrospinal fluid into the tissue might 
also occur. 

Tureen”? has reported that ischemic changes 
were noted in the nerve cells one hour after 
reestablishment of circulation, after ischemia 
lasting thirty minutes, but found no histologic 
changes within seven hours after fifteen min- 
utes’ ligation of the thoracic aorta. Neuronal 
changes did appear after seven hours but were 
reversible. He concluded that ligation of 
fifteen minutes’ duration is a critical period 
for production of ischemic changes in the 
spinal cord. In Hochberg and Hyden’s** ex- 
periments in the rabbit, light spastic paralysis 
of the hind limbs appeared two hours or more 
after ligation of the abdominal aorta for fifteen 
minutes, while ischemia for twenty-five minutes 
resulted in irreversible changes in the motor 
cells. The present experiments indicate that 
twenty-five minutes of ischemia is necessary 
to produce any significant radioactivity in 
the cord and thirty-five minutes of ischemia is 
necessary to produce any significant histologic 
change. These observations were made two 
hours after reestablishment of blood flow. It 
would appear that differing results reported by 
various workers regarding histologic changes 
following ischemia may well be related, in 
part, to the time of examination after the pe- 
riod of ischemia, the animal used, and the 
method of evaluating the ischemic changes. 

The vascular system of the spinal cord has 
been described by numerous authors.*8-7 In 
general, 2 arteries arise from the vertebral 
arteries in the upper cervical portion of the 
cord or the lower portion of the medulla. These 
join to form the anterior spinal artery. The 
anterior spinal artery passes caudally along the 
midline on the anterior surface of the cord, re- 
ceiving various contributing branches, the an- 
terior radicular arteries. These arise from the 
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ascending cervical, deep cervical, intercostal, 
lumbar, and lateral sacral arteries.“* The pos- 
terior spinal arteries also begin, usually, as 
branches from the vertebral arteries and con- 
tinue down the entire cord. These are paired, 
each posterior spinal artery lving immediately 
medial to the posterior roots. These form an in- 
complete arterial chain, receiving various con- 
tributions, the posterior radicular arteries.**.® 
The distribution of the radicular vessels is 
variable and asymmetric. Suh and Alexander** 
found that there are from 6 to 8 anterior radic- 
ular arteries and from 5 to 8 posterior radic- 
ular arteries. Gillian?® noted 7 to 10 anterior 
segmental arteries. 

The anterior and posterior spinal arteries are 
connected by the arteriae coronae, which circle 
around the outer surface of the spinal cord. 
The anterior spinal artery contributes the sul- 
cocommissural arteries to supply the deep 
parts of the cord. After entering the cord, the 
sulcocommissural arteries arborize in the region 
of the anterior horn and extend into the ad- 
jacent parts of the lateral and posterior col- 
umn.*! According to Herren and Alexander,** 
the anterior spinal artery supplies the anterior 
horn, the central gray matter, the intermedio- 
lateral cell column, Clark’s column, and the 
anterior and lateral tracts, including anterior 
and lateral pyramidal tracts. According to Bol- 
ton,®? this artery supplies most of the gray 
matter and the anterior portion of the posterior 
white column. The posterior spinal arteries 
supply the posterior portion of the posterior 
gray column and the major portion of the pos- 
terior white column.**-6? The venous system 
of the spinal cord follows a pattern similar to 
that of the arterial system except for a greater 
variability in number and distribution of radic- 
ular veins and the presence of 1 longitudinal 
venous channel on the posterior surface of the 
cord. 

In general, the anterior and posterior spinal 
veins drain the anterior one-half to two-thirds 
and the posterior one-third to one-half of the 
spinal cord.*.66 This general vascular pattern 
is true of all mammals with few exceptions. In 
the monkey® and the cat,®* the radicular ar- 
teries are more numerous and more symmetric, 
and, in the cat, there is an extensive anastomo- 
sis between anterior and posterior spinal ar- 
teries within the dorsal horn which has not 


been described in man.** In the rat, the arterial 
supply of the cord is similar to that of man.*® 

In the present experiments, ligation of the 
aorta immediately below the origin of the sub- 
clavian artery eliminates the contributions to 
the spinal cord circulation of all radicular 
arteries below the cervical region. Thus, the 
capabilities of circulation along the posterior 
and anterior spinal arterial system below the 
cervical region can be studied. 

In the present experiments, after aorta liga- 
tion, no difference in radioactivity was noted 
between the area supplied by the anterior 
spinal artery and that supplied by the posterior 
spinal arteries. In addition, these areas were 
equally affected in the experiments in which 
the blood pressure was elevated or lowered 
during the period of ligation and in those ex- 
periments in which heparin was administered 
during the period of ischemia. These data sug- 
gest that either both systems have approxi- 
mately equal capabilities of acting as collateral 
pathways for circulation or that there is free 
interchange between the 2 systems throughout 
their length below the first thoracic segments. 
The clinical observations that anterior spinal 
artery thrombosis is more frequent than pos- 
terior spinal artery occlusion are probably not 
the result of greater capabilities of the pos- 
terior spinal artery system to act as collateral 
pathways, due to basic anatomic or physiologic 
characteristics in the absence of vascular dis- 
ease, but rather to some other reason not ap- 
parent in this study. 

In the present experiments, after aorta liga- 
tion, no increased radioactivity was noted in 
the cervical cord segments. These data suggest 
that the border between the areas supplied 
by the subclavian artery and that supplied by 
the aorta is in the region of the lower cervical 
or upper thoracic cord. This is in agreement 
with observations made by others using in- 
jection technics and clinicopathologic obser- 
vations.®7:74.75 This observation also tends to 
explain the greater frequency of spinal artery 
occlusion syndromes in this region. 

The concept that the more peripheral areas 
of a vascular system are more vulnerable to is- 
chemia has been well established.7?- The 
present observations that, after aorta ligation, 
there were increasing amounts of radioactivity 
appearing in the cord in descending segments 
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expresses this concept, the lowest segments of 
the cord being the most vulnerable to ischemia 
and the ascending segments showing less vul- 
nerability under these circumstances. 


SUMMARY 


Difference in extent and degree of penetra- 
tion of tracer amounts of radiophosphorus 
(P32) in the spinal cord in dogs and monkeys 
following ischemia for various periods of time 
were studied by autoradiography. Ischemia 
was produced by temporary occlusion of the 
descending aorta immediately distal’ to the 
origin of the subclavian artery. Ischemia of 
twenty-five minutes or longer allowed the P32 
to pass the blood-spinal cord barrier, but less 
than twenty-five minutes did not alter the 
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barrier sufficiently to allow significant pene- 
tration of P32. Radioactivity was most marked 
with longer periods of ischemia and was great- 
est in the lower segments, being less in ascend- 
ing segments of the thoracic region. No in- 
crease in radioactivity was noted in the lower 
cervical segments. Although more radioactivity 
was found in gray matter as compared with 
white matter, no differences were observed be- 
tween the areas supplied by the anterior or 
posterior spinal arteries. The significance of 
these data in relation to spinal cord circula- 
tion and blood-spinal cord barrier were dis- 
cussed. 


The authors are indebted to Dr. John Wagner, who kindly 
reviewed the histologic sections. 
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Effect of D,L-penicillamine on the 


urinary excretion of copper and calcium 
in hepatolenticular degeneration 


(Wilson’s disease) 


Robert B. Litin, M.D., Norman P. Goldstein, M.D., 
Raymond V. Randall, M.D., Marschelle H. Power, Ph.D., 
and Grant R. Diessner, M.D. 


EXcEssIvE accumulation of copper in certain 
organs such as the liver, brain, and kidneys 
has been postulated as responsible for the 
symptomatology in patients with hepatolentic- 
ular degeneration. Consequently, in the treat- 
ment of this disease, substances have come 
into use which decrease the absorption of cop- 
per from the gastrointestinal tract or promote 
the excretion of copper from the body. In 
general, these substances can be divided into 
3 groups on the basis of their presumed action 
as follows: [1] to decrease the absorption of 
copper from the gut, [2] to increase the urinary 
excretion of copper, and [3] to increase the 
concentration of plasma ceruloplasmin. Treat- 
ment to decrease the absorption of copper from 
the gut includes a low copper diet and ad- 
ministration of potassium sulfide or ion ex- 
change resins. Therapy that will increase the 
excretion of copper in the urine includes in- 
travenous administration of Calcium Disodium 
Versenate, intramuscular injection of British 
antilewisite (BAL), high protein diet, intra- 
venous use of amino acids, and the adminis- 
tration of cortisone. 

It has been postulated that the low plasma 
ceruloplasmin is the stimulus for increased ab- 
sorption of copper from the gastrointestinal 
tract and its deposition in tissues. Estrogens 
and the intravenous administration of cerulo- 
plasmin have been used in an attempt to in- 
crease the concentration of plasma cerulo- 
plasmin. 

Of all these substances, BAL has been the 


one used as standard treatment for hepatolen- 
ticular degeneration. However, it has several 
disadvantages, one of them being that it must 
be given intramuscularly, which may prove 
painful after prolonged administration. Also, 
it may cause undesirable side effects and may 
not result in improvement of the patient's con- 
dition. 

Walshe! in 1956 and Fister, Boulding, and 
Baker® in 1958 reported on the use of peni- 
cillamine, a degradation product of penicillin, 
in the treatment of hepatolenticular degenera- 
tion. The advantages of penicillamine lie in its 
stability, oral use, and rapid excretion by the 
kidneys. Also, the urinary excretion of copper 
during administration of penicillamine is far 
greater than with BAL. 

In a previous communication,’ we reported 
the finding of hypercalciuria in 4 of 5 patients 
with hepatolenticular degeneration. In an 
attempt to learn about the effect of D,L- 
penicillamine on the urinary excretion of cal- 
cium and copper, further studies were carried 
out in these same 5 patients. The urinary ex- 
cretion of calcium and copper, as well as other 
urinary constituents, was studied before and 
during the administration of D,L-penicillamine. 
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TABLE 1 
EFFECT OF D,L-PENICILLAMINE ON URINARY EXCRETION 
OF COPPER AND CALCIUM IN HEALTHY PERSONS 


Copper Calcium 
Control, D,L-Penicillamine,* Control, D,L-Penicillamine,® 

Healthy person mg. per 24 hr mg. per 24 hr. mg. per 24 hr mg. per 24 hr 
0.14 1.71 47 28 

0.12 1.72 50 43 

0.12 1.54 39 36 

A Average 0.13 Average 1.66 Average 45 Average 36 
0.11 1.63 147 134 

0.08 1.80 172 185 

0.08 1.62 164 177 

B Average 0.09 Average 1.68 Average 161 Average 165 
0.04 1.33 61 69 

0.03 1.49 56 66 

0.05 1.41 92 65 

Cc Average 0.04 Average 1.41 Average 70 Average 67 


*Dose: 500 mg. of D,L-penicillamine orally three times a day 


The patients had not received any treatment 
for one to four months before the study. In 
addition, similar studies were carried out on 3 
healthy men. 


METHOD 


The weighed diet used in this study con- 
tained 2,223 calories consisting of 62 gm. of 
protein, 111 gm. of fat, and 244 gm. of carbo- 
hydrate per twenty-four hours. Distilled water 
as desired was used as drinking water. The 
daily intake of calcium and copper was esti- 
mated to be 213 mg. and 2.93 mg., respec- 
tively, as determined by chemical analysis of 
an aliquot of a twenty-four-hour diet plus 
1,900 cc. of distilled water. 

With each person, the diet was started with 
an evening meal and then continued for the 
next three days, which constituted the control 
period. During this period, 3 specimens of 
urine, each collected over a twenty-four-hour 
period, were analyzed for pH and content of 
calcium, copper, ammonia nitrogen, titratable 
acidity, total nitrogen, alpha-amino nitrogen, 
and phosphorus. The same studies were then 
done over a second three-day period, during 
which each person was given 500 mg. of D,L- 
penicillamine orally half an hour before each 
meal, a total of 1,500 mg. per twenty-four 
hours. In each instance, the diet and adminis- 
tration of D,L-penicillamine were begun the 
evening immediately preceding the three-day 
period of study. 


The diet, collection of urine, and some of 


the chemical methods have been described in 
detail in our previous paper.’ In addition, the 
following methods were used for the determi- 
nation of urinary constituents: phosphorus, by 
a modification of the Gomori method;* alpha- 
amino nitrogen, by a modification of the 
method of Pope and Stevens; titratable acidi- 
ty, by the method of Henderson and Palmer;* 
ammonia, by aeration and titration;? and total 
nitrogen, by the Kjeldahl method. Some of 
the data obtained during the control period as 
well as an abstract of each patient’s history 
have also been presented in our previous 


paper.® 
RESULTS AND COMMENT 


The effect of D,L-penicillamine on the uri- 
nary excretion of copper and calcium in the 3 
healthy men is shown in Table 1. The urinary 
excretion of copper increased 13 to 35 times 
in these 3 persons while they received D,L- 
penicillamine as compared with the control 
period. However, D,L-penicillamine did not 
produce a significant change in the urinary 
excretion of calcium (Table 1). 

In the 5 patients with hepatolenticular de- 
generation, D,L-penicillamine increased the 
urinary excretion of copper 4 to 17 times 
(Table 2). As with our healthy persons, D,L- 
penicillamine did not appear to have a con- 
sistent effect on the urinary excretion of cal- 
cium in our 5 patients. Though the average 
figures might suggest some changes, a com- 
parison of the excretion of calcium in the 
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TABLE 2 
EFFECT OF D,L-PENICILLAMINE ON URINARY EXCRETION 
OF COPPER AND CALCIUM IN 5 PATIENTS HAVING 
HEPATOLENTICULAR DEGENERATION 


Calcium 
{ Control, D,L-Penicillamine,® Control, D,L-Penicillamine,® 
r Case mg. per 24 hr mg. per 24 hr. mg. per 24 hr. mg. per 24 hr. 
q 
; 1.01 3.83 192 187 
4 1.04 4.53 207 182 
| 1.07 4.36 200 196 
| 1 Average 1.04 Average 4.24 Average 200 Average 188 
{ 1.12 7.85 233 271 
4 1.06 10.70 239 285 
4 0.81 9.25 246 267 
q 2 Average 1.00 Average 9.27 Average 239 Average 278 
: 0.70 10.15 350 376 
0.60 9.00 404 478 
| 0.42 10.35 332 340 
) 3 Average 0.57 Average 9.83 Average 362 Average 398 
0.26 2.99 126 198 
0.33 3.67 116 188 
0.24 4.60 125 193 
4 Average 0.28 Average 3.75 Average 122 Average 193 
0.46 5.76 362 238 
0.37 5.53 210 305 
0.44 3.99 292 214 
5 Average 0.42 Average 5.09 Average 288 Average 252 


*Dose: 500 mg. of D,L-penicillamine orally three times a day 


TABLE 3 
EFFECT OF D,L-PENICILLAMINE® ON URINARY CONSTITUENTS IN 
3 HEALTHY PERSONS AND 5 PATIENTS WITH 
HEPATOLENTICULAR DEGENERATION+ 


Ammonia, — Total Alpha-amino 
Volume, nitrogen cidity, nitrogen, nitrogen, Phosphorus, 
ec. per24hr. pH mEq. per 24 hr. a. per 24 hr. mg. per 24 hr. mg. per 24 hr. mg. per 24 hr. 
Healthy 
person 
Control 1820 6.4 37.3 24.0 12,435 282 748 
A DLP 1472 6.5 35.1 27.7 12,821 398 792 
Control 1630 6.6 33.1 16.2 12,299 405 915 
B DLP 1352 6.8 34.4 13.8 11,666 434 809 
Control 735 5.9 27.7 25.1 10,892 288 723 
Cc DLP 1393 6.6 27.2 16.6 11,162 377 686 
Case 
Control 2270 6.6 25.2 15.0 11,154 924 767 
1 DLP 2850 6.6 27.3 18.3 10,600 962 734 
Control 1647 — 12,190 570 
2 DLP 1963 — — — 11,390 771 — 
Control 1243 — 7,820 509 — 
3 DLP 1147 — — 9,050 775 
Control 1408 6.7 50.0 7.6 9,617 458 571 
4 DLP 1610 6.5 39.0 8.9 10,167 554 652 
Control 910 6.4 30.8 16.1 5,850 669 510 
5 DLP 2010 6.9 24.6 14.5 6,267 642 450 
*Dose: 500 mg. of D,L-penicillamine orally three times a day 


*Each value is the mean of 3 twenty-four-hour periods 
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urine for each day reveals much overlapping 
and no significant change. The only exception 
might be in Case 4. 

Table 3 shows that the administration of 
D,L-penicillamine did not cause significant 
change in urinary pH, titratable acidity, am- 
monia production, alpha-amino nitrogen, total 
nitrogen, or phosphorus as compared with the 
values during the control period in either the 
healthy men or the patients with hepatolentic- 
ular degeneration in whom these studies were 
done. 

Our findings are in accord with those of 
Walshe! on the effect of penicillamine on 
urinary excretion of copper by patients with 
hepatolenticular degeneration as well as by 
normal persons. In addition, Walshe demon- 
strated in a short-term study that penicillamine 
was superior to BAL in promoting the urinary 
excretion of copper. Our experience agrees 
with this. Of our patients, 2 (Cases 2 and 3) 
received BAL intramuscularly (2.5 mg. per 
kilogram of body weight) twice daily for three 
to five days. Each showed a twofold increase 
of urinary excretion of copper while receiving 
BAL. This is in contrast with the ninefold to 
seventeenfold increase in excretion of copper 
in the same patients while they received D,L- 
penicillamine. 

Since D,L-penicillamine binds copper so 
readily, it is logical to ask if the increased 
urinary excretion of copper is not simply the 
result of increased absorption of copper from 
the gastrointestinal tract; 2 findings mitigate 
against this possibility being the sole explana- 
tion. In the first place, Walshe! noted a signifi- 
cant increase in the urinary excretion of copper 
with the intravenous administration of peni- 
cillamine in a patient with hepatolenticular 


degeneration. Second, as is shown in Table 
2, the urinary excretion of copper by all of 
our patients while receiving D,L-penicillamine 
was greater than the total of the control ex- 
cretion plus the daily copper content of the 
diet. This suggests that D,L-penicillamine is 
effective in mobilizing copper from the tissues. 


SUMMARY 


The oral administration of D,L-penicillamine 
greatly increases the urinary excretion of 
copper in patients with hepatolenticular de- 
generation and in healthy subjects. It far sur- 
passes the effect of BAL 1. this regard and 
has the advantage of oral administration. The 
data suggest that the increased urinary ex- 
cretion of copper represents actual mobilization 
of copper from tissues. D,L-penicillamine has 
no significant effect on the urinary excretion of 
calcium or phosphate. Likewise, it does not 
produce significant change in the urinary pH, 
titratable acidity, total nitrogen, ammonia ni- 
trogen, or alpha-amino nitrogen. 
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Optokinetic nystagmus in 


cerebral disease 


A report of 14 autopsied cases 


J. Lawton Smith, M.D., and David G. Cogan, M.D. 


OPTOKINETIC NYSTAGMUs is an involuntary os- 
cillation of the eyes induced by viewing a 
succession of moving objects. It is symmetric, 
or nearly so, to either side in the normal in- 
dividual, and such a response has been de- 
fined as a “negative O.N. sign.”! A defective 
response to one side in the presence of an in- 
tact response to the other side on rotating tar- 
gets is a “positive O.N. sign.” The latter, or 
asymmetric, optokinetic response has been 
stressed as a useful, easily elicited localizing 
neurologic sign.?-> 

Cords® considered an asymetric response as 
indicative of an efferent optomotor lesion, with 
the most likely site in the internal and external 
sagittal strata of the middle and posterior one- 
third of the optic radiations. Kestenbaum! 
analyzed a series of 59 cases of homonymous 
hemianopia, in which the lesions had been 
localized by autopsy, surgery, or roentgeno- 
gram. The number of cases in each of these 3 
subdivisions was not stipulated. He considered 
a negative O.N. sign as 100% reliable in ex- 
cluding a parietal lobe origin for a homon- 
ymous hemianopia. Opinions of the value of 
a positive O.N. sign have varied,!-* but most 
authors have considered it as indicative of 
disease involving the posterior half of the cere- 
brum. The rare instances of alleged frontal 
lobe disease causing an asymmetric optokinetic 
response have not excluded parietal lobe in- 
volvement.®:7 It is evident that more informa- 
tion is needed on anatomically verified cases 
to resolve the significance of a positive opto- 
kinetic nystagmus sign. 

Our clinical experience has borne out the 
impressions of Cords and Kestenbaum that this 
simple test is a reliable sign of parietal lobe 
localization in cerebral disease and that one 


can, with reasonable assurance, differentiate 
temporal and occipital lobe hemianopias from 
those of parietal origin by this method. The 
purpose of this report is to present the clinical 
and pathologic findings in 14 patients in whom 
the optokinetic response has been carefully 
studied and who have subsequently come to 
autopsy examination. A review including cases 
studied histologically from surgical biopsy 
material is the subject of another paper.* 


MATERIAL 


A total of 194 cases of cerebral disease seen 
by Dr. Cogan has been reviewed. The cases 
selected had been referred because of sus- 
picion or presence of a homonymous hemi- 
anopia. Of these 194 cases, 29 have come to 
necropsy in the Massachusetts General Hos- 
pital. In 14 of the latter, a specific statement 
regarding optokinetic nystagmus is available. 
These were selected for further analysis. 


CASE REPORTS 


Case 1. A-15772. Clinical summary. This 32- 
year-old white female was first admitted to the 
Massachusetts General Hospital because of un- 
cinate seizures of ten months’ duration. The only 
complaint referable to the eyes was inabilitv to 
remember material she had recently read. Neuro- 
logic examination revealed only a slight right facial 
weakness. hthalmologic examination revealed 
normal visual fields and 20/20 vision in both 
eyes. A normal optokinetic response was noted. 
The following day, a left posterior temporal lobe 
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Fig. 1. Case 1 


astrocyotma was resected. On the fifth postopera- 
tive day, a complete right homonymous hemian- 
opia was noted to confrontation. She did well for 
forty-one months but was then readmitted with 
recurrent headaches. Neurologic examination then 
revealed only a lower right facial weakness and 
slight right hyperreflexia. Eye examination re- 
vealed 20/30 vision in the right eye and 20/40 
in the left eye, with temporal pallor of the right 
disk. There was a complete rigi* homonymous 
hemianopia splitting fixation. A positive optokinetic 
nystagmus sign was now present. Forty-seven 
months after the first operation, a repeat left pa- 
rietooccipital craniotomy was performed. The neo- 
plasm was found to have recurred and extended 
into the frontal, parietal, and occipital lobes on 
the left, as well as into basal ganglia and pos- 
terior fossa. The patient died twelve hours later. 

Pathologic summary (Fig. 1). At necropsy, 
on gross examination there appeared to be a glio- 


ma in the left parietotemporal region and the left 
hemisphere seemed infarcted. The brain weighed 
1,330 gm. A large operative defect was seen, with 
virtually the entire left temporal lobe being absenv. 
On coronal sections, gross neoplasm was seen lat- 
eral, inferior, and anterior to the anterior horn of 
the left lateral ventricle. The tumor involved the 
left lenticular nucleus anteriorly and also the lat- 
eral portion of the left thalamus. The anterior and 
posterior limbs of the left internal capsule were 
also involved. The left uncus was herniated. The 
left cerebrum was swollen. No abnormality was 
seen in the right hemisphere. The vessels at the 
base were normal. On section, the midbrain 
showed left-sided swelling, with aqueductal shift 
and distortion to the right. The cerebellum and 
remainder of the brain stem were normal. Ana- 
tomic diagnoses were glioblastoma multiforme, left 
temporofrontal, and herniation, left uncus, caus- 
ing compression and 2 midbrain hemorrhages. 


Comment. This 32-year-old woman had a 
glioma of the left temporal lobe. One day pre- 
operatively, her vision, fields, and optokinetic 
responses were normal. On the fifth postopera- 
tive day, a complete right hemianopia was 
noted. Forty-one months later, with a recur- 
rence of the tumor, a positive O.N. sign was 
seen. Autopsy revealed a glioblastoma multi- 
forme with definite involvement in the left 
parietal lobe. No neoplasm was found in the 
right cerebral hemisphere. This case is impor- 
tant in showing no abnormality of optokinetic 
nystagmus as long as there was only temporal 
lobe involvement. A positive optokinetic nys- 
tagmus sign was noted only later, when defi- 
nite parietal extension was seen. 


Case 2. A-14525. Clinical summary. This 70- 
year-old white female was admitted with a five- 
month history of episodes of semistupor and ina- 
bility to talk, associated with smacking movements 
of the lips. She had been hypertensive for ten 
years. A doctor had noted that she was confused 
and that she could form words and speak but 
could not identify objects verbally. Progression of 
the dysphasia, along with weakness in the right 
upper extremity, prompted 

Neurologic examination revealed motor aphasia, 
right-sided hyperreflexia, weak grip on the right, 
increased rigidity and poor olaietinn in the 
right extremities, equivocal Babinski responses, 
and absent position, vibratory, pinprick, and light 
and deep touch responses on the right. 

Ophthalmologic examination revealed visual 
acuity of 10/30 in both eyes, but testing was diffi- 
cult due to the aphasia. The fundi were normal. 
A complete right a hemianopia was 
present. A positive optokinetic nystagmus sign 
was noted, with no response on rotating the drum 
to her left but an intact response on rotating tar- 
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gets to her right. Lack of recognition of the right 
arm was noted, making the case essentially a 
Gerstmann’s syndrome. The differential diagnosis 
lay between thrombosis of the left middle cerebral 
artery and an extensive infiltrating tumor of the 
left parietal lobe. 

At the family’s request, a left parietooccipito- 
temporal craniotomy was performed and revealed 
a necrotic glioma. The patient died one week later. 

Pathologic summary (Fig. 2). The left hemi- 
sphere was larger than the right. The convolutions 
were flattened, more so on the left. But for scat- 
tered atheromatous plaques, the vessels at the base 
were normal. Bilateral cerebellar pressure cones 
were present. 

On coronal sections, herniation of the left cin- 

ulate gyrus beneath the falx was seen. The left 

ane ventricle was distorted and displaced. In 
a section at the level of the left thalamus was a 
tumor with ill-defined edges involving the left 
thalamus, basal ganglia, and roof of the lateral ven- 
tricle. This tumor extended posteriorly to the oc- 
cipital lobe, involving almost the entire lobe ex- 
cept for a small area 1 cm. from the dorsal border. 
No gross evidence of tumor in the temporal lobe 
was noted, except in the roof of the temporal horn 
of the lateral ventricle. 

At the level of the splenium, the tumor was 
friable with larger areas of hemorrhage and necro- 
sis than in its anterior portions. The midbrain was 
distorted with the left side compressed. The syl- 
vian aqueduct was a vertical slit due to compres- 
sion. The pons was slightly flattened from left to 
right. The medulla and cerebellum were unremark- 
able. Anatomic diagnosis was glioblastoma multi- 
forme. 


Comment. Right homonymous hemianopia, 
right hemianesthesia, and increasingly severe 
symptoms pointing to the same locality in the 
brain were correlated with an infiltrating tumor 
in the left thalamic and parietooccipital regions 
in this patient. This is an instance of a parietal 
lobe tumor that was associated with a positive 
optokinetic nystagmus sign. 


Case 3. A-16545. Clinical summary. This 59- 
year-old white woman was well until fourteen 
months before admission, when she began to fall 
asleep in midmorning for three to four hours, 
shortly after a good night’s sleep. One year be- 
fore admission, headaches and fatigability began. 
She became unsteady on her feet and had tin- 
nitus and hearing loss on the left four months 
before admission. 

Neurologic examination revealed a tendency to 
fall to the right when she stood with eyes closed; 
certain alternating movements were less well per- 
formed with the right hand, and a right lower 
facial weakness was apparent on emotional stimuli. 
On the third hospital day, a right carotid arterio- 
gram disclosed a mass lesion in the anterior right 
temporal lobe, which appeared relatively avascu- 


Fig. 3. Case 3 


lar. The next day, ophthalmologic examination re- 
vealed 20/40 vision in both eyes, sluggish and un- 
equal pupils with the left slightly smaller, and a 
fine horizontal nystagmus on left lateral gaze. The 
fundi were normal. A homonymous left upper 
quadrantanopia was present to 10/1,000 white and 


- 
« 
~ 
. Fig. 2. Case 2 
) 4 
4. ‘ 
ae 


130 


was also absolute to hand movements at 1 meter. 
The optokinetic response was brisk and equal to 
each side. On the fifth day, craniotomy disclosed 
a meningioma in the right sylvian fissure. The tu- 
mor was encountered growing from the dura into 
the sylvian fissure; at surgery, it was possible to 
lift the entire tumor out of its bed and remove it 
in 1 specimen. However, postoperatively, the pa- 
tient had dilated fixed pupils, was comatose, and 
was taken back to the operating room six hours 
later. Marked bulging of the brain through the 
bur holes occurred, so that many small venous 
channels on the surface tore. Despite a massive 
decompression, the patient died on the following 
day. 

Pathologic summary (Fig. 3). The surgical 
specimen was histologically a meningioma. Nec- 
ropsy disclosed marked cerebral edema, predom- 
inantly of the right hemisphere, with a right tem- 
poral pressure cone. A fresh hemorrhage was noted 
in the right parietooccipital region. The cerebel- 
lum and brain stem were normal. 


Comment. This patient died of uncontrol- 
lable cerebral edema and hemorrhage after a 
craniotomy at which a meningioma of the right 
anterior temporal region had been completely 
excised. A left upper homonymous quadran- 
tanopia and intact optokinetic nystagmus were 
present preoperatively. The fresh hemorrhage 
noted at autopsy was undoubtedly secondary 
to surgery, since no parietal lobe involvement 
was seen at craniotomy and the neoplasm had 
been apparently removed intact. This case 
clearly demonstrates a focal lesion of the tem- 
poral lobe producing a Meyer's loop field de- 
fect and a negative optokinetic nystagmus 
sign. 


Case 4. A-20647. Clinical summary. This 76- 
year-old physician presented a complex and in- 
volved history. He had old bilateral apical scars 
from a healed tuberculosis, Twenty-one months 
before death, the shadow on the right began to 
enlarge. Nine months before death, he suddenly 
sete a visual field defect. Examination revealed 
vision of 20/70 on the right and 20/30 on the left. 
Incipient lens changes were considered adequate 
to account for the vision. Optokinetic responses 
were symmetric to both sides. A right homonymous 
paracentral scotoma was found, most dense near 
the center, with sharp splitting of the point of fixa- 
tion. Ophthalmodynamometry disclosed equal oph- 
thalmic artery diastolic pressures. No deviation of 
the eyes was seen on forced lid closure, and the 
fundi were not remarkable. The patient was placed 
on anticoagulant therapy. He later developed an 
abdominal mass, signs of diffuse metastatic dis- 
ease, and a right third nerve palsy and died eight 
months later. 
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Pathologic summary. The brain weighed 1,245 
gm. Vessels at the base revealed moderate athero- 
sclerosis but no significant narrowing. A small 
focal scar was seen on the external surface of the 
right frontal lobe, which on section was a small 
cystic infarct. The surface of the left occipital lobe 
revealed yellowish-gray tumor covering the arach- 
noid and adherent to the underlying brain. Tumor 
was seen in the meninges on the medial aspect of 
the right occipital lobe but did not appear to in- 
volve underlying brain. In several areas, tiny 2- 
to 3-mm. foci of softening were seen in the cor- 
tex and adjacent white matter. The left occipital 
lobe on section revealed extensive, partly necrotic 
tumor, extending 1.5 to 2.5 cm. down from the 
surface and replacing all of the visual cortex. 

Sections of the cerebellum revealed the superior 
three-fourths of the left hemisphere replaced by 
tumor that extended across the midline to involve 
the medial one-third of the right hemisphere. 
Tumor was also noted on dural surfaces of falx, 
tentorium, and venous sinuses. The right intra- 
cranial portion of the third nerve was normal. 
However, in the superior orbital fissure, it was 
surrounded by gray-white firm tumor tissue. The 
surrounding bone was grossly uninvolved. Meta- 
static tumor was seen in the cauda equina, but 
the remainder of the spinal cord was negative. 
Anatomic diagnoses included adenocarcinoma of 
lung, right upper lobe bronchus, with metastases 
to liver, right adrenal, and right kidney; metastatic 
tumor to occipital lobes, dura, right third nerve, 
and cauda equina; cerebral atherosclerosis with 
multiple small infarcts, most prominent in right 
frontal lobe; and pulmonary tuberculosis, apical, 
bilateral, healed. 


Comment. This patient presented a diag- 
nostic problem. When a right homonymous 
hemianopia appeared, differential diagnosis 
lay between metastatic tumor and vascular dis- 
ease. As transient blindness in the right eve 
had been noted previously, cerebral vascular 
disease was considered likely and he was 


treated with anticoagulants. It should be 
noted that ophthalmodynamometry had dis- 
closed equal diastolic pressures in the 2 eyes. 
Later, metastatic disease and a terminal right 
third nerve palsy were apparent. The point 
to be stressed here is that, with definite meta- 
static disease confined to the occipital lobes, 
producing a right homonymous _paracentral 
scotoma, a negative optokinetic nystagmus 
sign was found. There was no parietal lobe 
involvement in this case. 


Case 5. A-18902. Clinical summary. This 59- 
year-old white male was hospitalized because of 
drifting to the left side, dizziness, and headache 
for one week. In retrospect, his wife had noted 


a gradual increase in forgetfulness during the pre- 
ceding six to eight months. Seven days before 
admission, he began to drift to the left and even 
to bump into objects on his left and would stum- 
ble or ay in doing this. Five days before admis- 
sion, he became less aware of the left side of his 
environment in general. The only other symptoms 
were headache and fatigability. 

Neurologic examination revealed that, although 
he was oriented, there was some evidence of in- 
tellectual deterioration. A questionable left facial 
weakness, poorly performed finger-to-nose test and 
alternating movements on the left, falling to the 
left on Romberg testing, and a left Babinski re- 
sponse were noted. 

Ophthalmologic examination revealed normal 
vision, fields, and fundi and no defects, except in 
optokinetic nystagmus. A positive O.N. sign was 
found, with a definitely poorer response on rotat- 
ing the drum to his right than to his left. Electro- 
encephalograms and radioactive arsenic pointed to 
a right postfrontal lesion. A right carotid arterio- 
gram demonstrated that the ascending fronto- 
parietal branch of the middle cerebral was straight- 
ened and lacked its usual tortuous character. 

A right temporal craniotomy was performed, 
with subtotal resection of a subcortical right frontal 
tumor just rostral to the premotor strip. The pa- 
tient did not respond postoperatively and died the 
following day. 

Pathologic summary. A large surgical defect in 
the right frontal area, a right temporal pressure 
cone, and herniation of the falx were seen. Ves- 
sels at the base were normal. On section, the right 
hemisphere was the larger, and the ventricular sys- 
tem was shifted to the left. Deep in the right 
frontoparietal region was a large hemorrhagic de- 
fect with only a few areas of necrotic tumor tissue 
remaining. The largest diameter measured 4 x 1% 
cm. Surrounding this, the white matter was soft 
and discolored. A circumscribed tumor nodule 
1x 1 cm. was found in the left island of Reil. In 
the right basal ganglia was a small linear hemor- 
—- The brain stem and cerebellum were nor- 
mal. 

Microscopic examination revealed a grade 3 to 4 
astrocytoma in the right frontoparietal region. The 
tumor nodule in the left insula revealed minimal 
tendency to infiltrate surrounding brain tissue. 
Brain tissue adjacent to the tumor masses was 
grossly edematous. A recent infarct necrosis was 
seen in the midbrain. Anatomic diagnoses includ- 
ed glioblastoma multiforme (astrocytoma grade 
3-4), right frontal lobe, infiltrating and left frontal 
lobe, circumscribed, and cerebral edema. 


Comment. This 59-year-old man presented 
a one-week history of ignoring the left side of 
his environment and had a pseudohemianopia 
to the left. The only abnormality on eye ex- 
amination was a positive optokinetic nystag- 
mus sign. The clinical evidence pointed to a 


OPTOKINETIC NYSTAGMUS IN CEREBRAL DISEASE 


131 


right frontal lobe neoplasm. However, the 
optokinetic asymmetry correlated with definite 
neoplastic involvement found in the right 
parietal lobe at autopsy. 


Case 6. A-15154. Clinical summary. This 44- 
year-old left-handed white male was admitted 
with a three-year history of infrequent generalized 
clonic seizures, dizziness, increased sleepiness and 
lethargy, and progressive stiffness and tremor in 
the right upper extremity. 

Examination revealed cog-wheel rigidity and 
hyperreflexia in the right upper extremity. There 
was a pseudohemianopia to the right. Skull roent- 
genograms revealed left frontotemporal calcifica- 
tion. An air study revealed displacement of the 
ventricular system to the right. No abnormalities 
were noted on eye examination. The fields were 
full, and the optokinetic responses were symmetric. 
The following day, a left frontal lobectomy was 
performed for glioma, but the patient died on the 
third day. 

Pathologic summary. The left hemisphere was 
enlarged, and the left cingulate gyrus was herniat- 
ed beneath the falx. Convolutions were flattened 
over both hemispheres. A right cerebellar pressure 
cone was present. The left occipital lobe was soft- 
ened. On section, the operative defect began near 
the left frontal pole, was 5 cm. deep, and was 
filled with blood and fibrin foam. In the remain- 
ing white matter of the frontal cortex, the left 
basal ganglia, and the genu and body of the corpus 
callosum, the brain tissue was yellowish and softer 
than surrounding brain. The left occipital pole, 
left peduncle, and midbrain were softened. A 
hemorrhage was seen in the center of the pons, 
and the midline structures were shifted to the 
right. Anatomic diagnoses included mixed glioma, 
left frontal lobe, and pulmonary edema. 


Comment. A mixed glioma of the left frontal 
lobe produced symptoms for three years. Al- 
though there was a right pseudohemianopia, 
the visual fields were normal. At autopsy, the 
basal ganglia and anterior internal capsule 
were involved on the left but extension into 
the parietal lobes was lacking. This was an ex- 
ample of a frontal lobe tumor with no parietal 
lobe involvement and negative optokinetic 


nystagmus sign. 


Case 7. A-13413. Clinical summary. This 45- 
year-old white female had had generalized grand 
mal seizures for ten years. These began in the left 
side of the face and were associated with turning 
of the eyes to the left, loss of responsiveness, 
tongue biting, frothing at the mouth, respiratory 
difficulty, and urinary incontinence. For two years, 
a gradual personality change had occurred, and 
she became listless and confused, with a definite 
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memory impairment. Whereas formerly quite emo- 
tional, she could no longer cry. She had urinary 
incontinence for six months and headaches for 
one month. 

Examination revealed a left peripheral facial 
weakness, slight weakness of the left upper ex- 
tremity, slowness of speech with some lack of com- 
prehension, slight tremor and questionable dys- 
diadochokinesis of the left upper extremity, Ba- 
binski response on the right, right-sided anosmia, 
and incontinence. 

Ophthalmologic examination revealed bilateral 
papi ledema, sluggish pupils, and an incongruous 
eft homonymous hemianopia, but the patient was 
too drowsy to give consistent answers. A definite 
defect was noted in the optokinetic response with 
targets to the right. 

At right frontotemporal craniotomy, a dense, 
firm glioma was encountered astride the sylvian 
fissure. A partial excision of the tumor was per- 
formed. The postoperative course was stormy, with 
a meningitis, and the patient died seventeen days 
later. 

Pathologic summary. The dura over the posterior 
half of the right frontal lobe was yellowish-brown 
and adherent to the underlying cortex. Bilateral 
cerebellar and temporal pressure cones were pres- 
ent. The basal arteries had slight atherosclerosis. 
On section, the cortex and subcortical white matter 
of the right superior and middle frontal convolu- 
tions were soft and necrotic. The deeper white 
matter was slightly soft and contained several 
hemorrhagic areas. Further posteriorly, the right 
thalamus, internal capsule, basal ganglia, and part 
of the white matter of the parietal and temporal 
lobes were smooth and firm to palpation. A small 
cavity was seen in the right thalamus. The anterior 
horn of the right lateral ventricle was partially col- 
lapsed, but the remaining portion and left lateral 
ventricle were dilated to 4 times normal size. The 
brain stem and cerebellum were not unusual. His- 
tologically, an astrocytoma was seen. In some re- 
gions, infiltration of the cortex by neoplastic cells 
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with preservation of cortical architecture and many 
of the nerve cells had occurred (Fig. 4). 


Comment. One could have considered this, 
on gross examination, to have been a frontal 
lobe tumor with a positive optokinetic nystag- 
mus sign. However, on section, there was 
tumor in the right parietal lobe, and micro- 
scopic examination revealed a diffusely infiltra- 
tive astrocytoma. 


Case 8. A-12292. Clinical summary. This 38- 
year-old white male was first admitted for secon- 
dary syphilis and was treated with penicillin. Five 
months later, a routine lumbar puncture was nega- 
tive. Three months after that, he noted increasing 
headaches with episodes of hallucinations, dizzi- 
ness, and occasional burning sensations of the 
nose, with feeling of obstruction and peculiar 
odors. Three days before his second admission, 
lumbar puncture revealed 118 cells, protein 150 
mg. per cent, and he was readmitted for suspect- 
ed meningovascular syphilis. 

The blood and spinal fluid serologic tests for 
syphilis were negative. Neurologic examination 
revealed a left hemiparesis and defective smell on 
the right. Eye examination revealed 20/40 vision 
on the right and 20/50 on the left. A complete 
left homonymous hemianopia splitting fixation was 
found. The fundi were nell. A positive opto- 
kinetic nystagmus sign was present, with an ab- 
sent response on rotating the drum to his right. 
Encephalographic examination revealed a shift of 
the ventricular system to the left, consistent with 
a deep and large right temporal tumor. At crani- 
otomy, subtotal removal of an invasive glioma was 
performed. The patient died on the third postop- 
erative day with dilated, fixed pupils. 

Pathologic summary. A necrotic tumor mass 
4x4x3 cm. in size was seen in the right tem- 
poral lobe. Elsewhere, the outer surface of the 
brain was not unusual. The tumor was not dis- 
tinct from brain tissue on section. It obliterated 
the right inferior horn of the lateral ventricle and 
a small part of the right globus pallidus. The right 
lateral ventricle was smaller than the left, and the 
third ventricle was displaced to the left. In the 
floor of the anterior horn of the left lateral ven- 
tricle, the ependyma was replaced by a mass of 
tumor tissue and under the ependyma on the lat- 
eral wall was a nodular firm mass 3 mm. in di- 
ameter. A l-cm. mass was in the subependyma of 
the right anterior horn but was not sharply de- 
marcated from surrounding brain tissue. Anatomic 
diagnoses included glioblastoma multiforme, right 
temporal lobe and anterior horns of both lateral 
ventricles; meningitis, acute, purulent; and epi- 
dural hematoma. 


Comment. Since the midportion of the an- 
terior horns of the lateral ventricles course 
through deep parietal lobe, it is seen from the 


132 

| | 


pathologic summary that parietal lobe involve- 
ment almost certainly occurred in this case, in 
which a positive optokinetic nystagmus sign 
was seen. 


Case 9. A-14919. Clinical summary. This 38- 
year-old white male had bifrontal headaches and 
difficulty with speech for three weeks. Not only 
did he have difficulty in expressing himself, but 
for two weeks his wife thought he was becoming 
deaf, as he appeared unable to comprehend what 
was said to him. On examination, a receptive 
aphasia, diminished wae of pinprick over 
the entire right side of the body, and a right supra- 
nuclear facial weakness were noted. Papilledema, 
anisocoria with the left pupil larger, and a right 
homonymous hemianopia were present. Skull films 
revealed a pineal shift to the right. At left tem- 
poral craniotomy, tumor was encountered pre- 
os on the surface beneath the terminal por- 
tion of the sylvian vessels. A partial resection was 
performed, as the tumor extended deeply into the 
thalamus. The patient was discharged with a diag- 
nosis of left temporoparietal glioblastoma multi- 
forme. 

Three months later, he was readmitted with 
right-sided weakness and a global aphasia. Oph- 
thalmologic examination revealed vision in the 
right eye limited to hand movements at 1 ft. and 
in the left eye, to finger counting at 18 ft. An 
exotropia was present, but motility was full. The 
right pupil reacted poorly to light. Bilateral pa- 
pilledema was present, and there was a complete 
retinal separation in the right eye. A dense right 
homonymous hemianopia was present. The eyes 
deviated to the right on lid closure. A positive 
optokinetic nystagmus sign was present, with a 
good response to the right but minimal to the left. 
Repeat craniotomy disclosed a massive neoplasm 
with little normal brain tissue visible. The patient 
was discharged with a spastic right hemiplegia, 
right hemianesthesia, aphasia, and right Babinski 
io He died quietly at home five months 
ater. 

Pathologic summary (Fig. 5). The left hemi- 
sphere was markedly enlarged and distorted with 
fragmentation, particularly of the temporal lobe. 
Convolutional flattening was most marked on the 
left. On section, an extensive tumor mass involved 
almost the entire left hemisphere. In the parietal 
cortex, a round cystic area, 2.5 cm. in diameter 
and filled with greenish coagulum, was seen. The 
tumor extended anteriorly to posterior frontal lobe, 
was most extensive in temporal and parietal lobes, 
and extended posteriorly to within 2 cm. of the 
occipital lobe. In the parietal region, the ventric- 
ular space on the left was completely obliterated 
and that on the right was narrowed by compres- 
sion. In this area, the tumor involved the corpus 
callosum and extended across the midline into the 
right hemisphere for 2.5 cm. The thalamus was 
obscured on the left by tumor. Cerebellum, brain 
stem, and midbrain were normal on section. Ana- 
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tomic diagnoses included glioblastoma multiforme, 
left hemisphere, with extension to corpus callosum 


and right hemisphere. 


Comment. This glioblastoma involved almost 
the entire left hemisphere and was most ex- 
tensive in the thalamus and temporal and 
parietal lobes. A positive optokinetic nystag- 
mus sign was noted. 


Case 10. A-16103. Clinical summary. A 63- 
year-old white woman was admitted because of 
abrupt onset of a global aphasia. Examination re- 
vealed arteriosclerotic heart disease with auricular 
fibrillation. On neurologic examination, slight flat- 
tening of the right nasolabial fold was the only 
abnormality otherwise. Eye examination revealed 
14/35 vision in both eyes, but the aphasia made 
testing difficult. Confrontation fields were said to 
be full. The optokinetic responses were normal. 
The aphasia cleared progressively; three months 
later, the patient consulted an ophthalmologist, 
stating that difficulty in reading had persisted fol- 
lowing the stroke. Vision was 20/20 in both eyes, 
and the fundi were normal. A slightly incongruous 
right homonymous hemianopia was noted (3/1,000 
white). A repeat examination fourteen months 
later disclosed no change in this field defect. Four 
months later, because of a right facial weakness of 
several days’ duration, she was readmitted. In 
addition to a complete right peripheral facial palsy, 
examination revealed cerebellar ataxia on the right. 
Eye examination now revealed 15/20 vision in 
both eyes and nystagmus with rapid component to 
the right, and the right homonymous hemianopia 
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Fig. 6. Case 11 


persisted as before. A positive optokinetic nystag- 
mus sign was now noted—the response was de- 
fective to her left and intact but faulty to her 
right. Deafness was noted in the right ear, and 
involvement of the right seventh and eighth nerves 
pointed to a brain stem lesion. The right corneal 
reflex later disappeared while she was on anti- 
coagulant therapy. On the forty-first hospital day, 
posterior fossa exploration was carried out and a 
tumor of the right cerebellar hemisphere was par- 
tially removed. She died on the sixtieth day. 

Pathologic summary. Minimal atherosclerosis 
of vessels was noted at the base. Externally, 2 
lesions were visible, 1 a large defect in the right 
cerebellar hemisphere. Gray firm tissue was over- 
lying the cerebellum and adherent to the fifth, 
seventh, and eighth nerves. The pons and cere- 
bellopontine angle were implicated by thickened 
leptomeninges. Coronal sections revealed that the 
right brachium pontis, right side of pons, and 
adjacent cerebellar cortex were discolored by a 
red-gray neoplasm. These changes extended ver- 
tically from upper to lower pons but were most 
marked at lower level. 

An extensive defect involved most of the left 
superior temporal gyrus, extending from the an- 
terior portion of the sylvian fissure posteriorly to 
the occipital lobe. The entire superior gyrus was 
atrophic. Multiple sections confirmed the extent 
of the lesion, and, posteriorly, the lateral occipital 
cortex and subcortical white matter and cortex of 
the fusiform gyrus were similarly altered. In the 
temporal lobe, the lesion extended to within 3 mm. 
of the posterior horn of the lateral ventricle and 
the optic radiation appeared involved. No other 
lesions were seen on gross examination of the 
brain. Anatomic diagnoses were medulloblastoma, 
right cerebellum; cerebral infarct, left parietal re- 
gion (twenty months old); and rheumatic heart 
disease. 


Comment. This case is difficult to interpret 
because of the presence of 2 lesions affecting 
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the efferent optomotor pathways—an old left 
parietal infarct secondary to embolism from 
auricular fibrillation and a more recent cere- 
bellar medulloblastoma. Initially, a normal 
optokinetic response was present, as well as 
full confrontation fields. However, perimetry 
disclosed a right homonymous hemianopia that 
remained unchanged on 3 examinations during 
the next year and a half. At the last admission, 
the optokinetic response was defective to the 
left and present, but faulty, to the right. Sever- 
al possibilities exist: [1] the hemianopia and 
positive O.N. sign may have developed in the 
three-month interval between the first hospital- 
ization and detection of the field defect, or 
[2] both of these may have been present at the 
initial embolic episode and may have been 
overlooked, since the patient was too ill for 
protracted examination. At any rate, a defec- 
tive response to optokinetic targets from right 
to left was noted in this case, as well as a left 
parietal infarct. 


Case 11. A-16371. Clinical summary. This 60- 
year-old white female had a sudden episode of 
aphasia and right hemiparesis two months before 
admission. This cleared rapidly, but a second epi- 
sode a week before entry left her with a global 
aphasia. Examination revealed a mild right hemi- 
paresis and right-sided hypalgesia in addition to 
the dysphasia. Ophthalmologic examination was 
limited because of the aphasia, and visual fields 
could not be done. However, there was a definite- 
ly poor optokinetic response to the left. Ophthal- 
modynamometry disclosed equal diastolic pressures 
in the 2 eyes. The fundi were normal. She im- 
proved silghtly but was readmitted two and one- 
half weeks later in semicoma. Eye examination 
now revealed a tendency toward conjugate devia- 
tion to the left, and early papilledema was present. 
The patient died two days later. 

Pathologic summary (Fig. 6). A discrete tumor 
occupied the left frontal and parietal lobes, meas- 
uring 6x 12x3 cm., and extended from a point 
3.4 cm. from the frontal pole back to the plane 
of midthalamus. It lay above the plane of the 
sylvian fissure and extended medially as far as 
the insula. For the most part, this lesion was 
sharply demarcated from the surrounding edema- 
tous centrum semiovale. Horizontal sections 
through the brain stem revealed compression of 
the right crus and a slit hemorrhage in the basis 
pontis. Anatomic diagnoses included glioblastoma 
multiforme, left frontal and parietal lobes, and 
Cushing’s ulcer. 


Comment. This patient with a neoplasm in 
the inferior frontal gvrus presented an asym- 
metric optokinetic response. At autopsy, defi- 
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nite extension into the parietal lobe was ob- 
served. 


Case 12. A-17968. Clinical summary. This 28- 
year-old white female was in good health until 
three years before entry, when she noted a mole 
growing in her back. This recurred after electro- 
cautery treatment, and a year and a half later, 
a wide excision was performed. A short time later, 
still another and wider excision was carried out, 
and the family was informed that this was a ma- 
lignant melanoma. Two days before admission, she 
developed headaches and vomiting; she had had a 
seizure four days before admission. She had also 
noted recent sensation of dragging the left foot. 

Examination revealed a mildly confused woman 
giving inappropriate answers. The only other ab- 
normalities noted were decreased strength in the 
left lower extremity and a left Babinski response. 
Ophthalmologic examination was negative. In par- 
ticular, the visual fields were full, there was no 
spasticity of conjugate gaze, and optokinetic nys- 
tagmus was equal to both sides. The patient failed 
rapidly and died on the sixth hospital day. 

Pathologic summary (Fig. 7). In the external 
surface of the brain, 3 large metastatic lesions 
were seen. The largest was in the left posterior 
parietal region and measured 2.5.x 1.5 cm. It was 
firm and brown, and the surrounding white matter 
was swollen. The cortex did not appear to be in- 
volved. The white matter was severely edematous. 
Similar metastases were found on medial surface 
of right frontal lobe and in the right posterior 
temporal region. No other abnormalities were 
found in the brain. The brain stem and cerebel- 
lum were normal. Anatomic diagnoses included 
malignant melanoma, metastatic to brain, and 
cerebral edema, marked, secondary, with tempo- 
ral and cerebellar pressure cones. 


Comment. This case revealed a definite left 
parietal metastasis of a malignant melanoma, 
and yet no defect was present in either visual 
fields or optokinetic nystagmus. It is possible 
that death occurred too rapidly for clinical 
manifestations of these lesions. The extent of a 
cerebral neoplasm cannot always be correlated 
with the functional manifestations noted. If a 
hemianopia had been present with this lesion 
and yet a negative O.N. sign was noted, it 
would have been a much more difficult case to 
reconcile than if no abnormalities had yet ap- 
peared. 


Case 13. A-19344. Clinical summary. This 54- 
year-old white male noted numbness of the right 
hand and leg three months before admission. 
Sometime later, he noted poor vision to the right. 
Examination revealed diminished pinprick over 
the right side of the body and face but normal 
tactile sensation. Ophthalmologic examination re- 


Fig. 7. Case 12 


vealed intact corneal sensation, but a complete 
right homonymous hemianopia was detected with 
apparent splitting of fixation. The optokinetic re- 
sponse was defective on rotating the drum to the 


patient’s left. Ophthalmodynamometry disclosed 
equal diastolic pressures in the 2 eyes. A ventricu- 
logram was negative. 

Two years later, the patient was admitted with 
signs of progressive bulbar ischemia, including cor- 
tical blindness, dysphagia, and dysarthria. Despite 
anticoagulant therapy, progressive bulbar signs 
occurred during the final two years before his 
death. 

Pathologic summary. The brain weighed 1,310 
gm. Advanced atherosclerosis of the vertebral- 

asilar system was present, and, on section, the 
basilar artery was totally occluded below the exit 
of the superior cerebellar arteries. Both posterior 
cerebral arteries were likewise totally occluded 
1.8 cm. distal to their origin from the basilar. 
Extensive softening was noted in both peduncles, 
midbrain, and upper pons, as well as both cere- 
bellar hemispheres. In the left occipital lobe, ex- 
tensive softening extended posteriorly to the pole; 
similar but more recent appearing softening was 
noted in the right occipital lobe. The right an- 
terior cerebral and a secondary branch of the left 
middle cerebral artery were both virtually occlud- 
ed as well. An extensive lesion was seen in the left 
es gyrus, and massive necrosis of the 
thalami was present. Several lacunae were seen 
above the left lateral geniculate body. Scattered 
softenings were noted in the left superior parietal 
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lobule and middle temporal gyrus, confined to the 
cortex. Anatomic diagnoses included basilar artery 
thrombosis and bilateral posterior cerebral artery 
thrombosis. 


Comment. This patient had progressive ath- 
eromatous disease of the basilar system, as well 
as bilateral posterior cerebral occlusions. The 
clinical history and anatomic findings sup- 
ported early involvement of the left posterior 
cerebral artery. The optokinetic nystagmus 
sign had been positive early, only three months 
after onset of symptoms. Since a secondary 
branch of the left middle cerebral artery was 
also occluded, it cannot be said with certainty 
whether the optokinetic asymmetry was due 
to left middle or posterior cerebral artery dis- 
ease. Certainly, with the extensive basilar 
thrombosis later, the efferent optomotors in 
the brain stem were so compromised that no 
conclusions about cortical localization from 
optokinetic response could be drawn. The left 
parietal lobe was involved in this case. 


Case 14. A-13657. Clinical summary. This 45- 
year-old white male was admitted because of head- 
aches for three weeks. A blood pressure of 195/ 
105, slight edema of the lids, anisocoria, ptosis on 
the right, and nystagmus were the only positive 
findings. Vision was recorded as 14/84 on the 
right and 14/168 on the left. Confrontation fields 
were full. One month later, the patient suddenly 
became unable to see. Examination then revealed 
normal pupils and fundi, with nystagmus on both 
right and left lateral gaze. Eleven hours later, an 
ophthalmologist found that he could count fingers 
at 2 ft. with each eye, and a right homonymous 
hemianopia was noted. On optokinetic testing, the 
patient appreciated movement of the drum and 
correctly named the direction but denied ability 
to make out the markings. The examiner wrote 
that “this would seem to be confirmed in that no 
nystagmus could be elicited.” By the following 
day, he could count fingers at 4 ft. with each eye. 
Full visual fields (2/330 and 10/1,000 white) had 
then returned. Optokinetic testing again revealed 
a complete absence of the normal response to both 
right and left directions. Impression was cortical 
blindness, transient, and a right Horner’s syn- 
drome. The headaches could not be controlled; the 
patient began to have convulsions, had a severe 
aphasia, and went into coma one day before death. 

Pathologic summary. Small scattered lesions 
were encountered throughout the brain. Some 
slightly larger lesions were found in the deep lay- 
ers of the right occipitoparietal cortex, which had 
the appearance of relatively recent infarcts. Sev- 
eral small arteries in this region were surrounded 
by a clear zone of eosinophilic material and had a 
markedly proliferated endothelium. Similar chang- 
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es were pronounced in the cerebellum. Anatomic 
diagnoses included thrombosis of right renal and 
superior mesenteric arteries, with impending in- 
farction of oo kidney, and encephalopathy, type 
and cause unknown, probably vascular. 

Comment. This 45-year-old man presented 
a diffuse vascular disease of unknown cause, 
which caused death within eight weeks of on- 
set. He had definite cortical blindness, with a 
right homonymous hemianopia noted as the 
blindness cleared. Within twenty-four hours, 
the fields were normal. Despite cooperation, 
no optokinetic response could be elicited to 
either side during the period of amaurosis or 
thereafter, despite his ability to tell correctly 
the side of rotation. Lesions were seen in the 
right parietal lobe. The left parietal lobe was 
not studied histologically. A similar process 
there appears likely because of the diffuse 
nature of this disease process. 


DISCUSSION 


Clinical experience with cases of cerebro- 
vascular disease suggests that a positive opto- 
kinetic nystagmus sign indicates parietal lobe 
disease. The present anatomic evidence sub- 
stantiates this impression. A symmetric opto- 
kinetic response was elicited to both sides in 
3 of the autopsied cases (Cases 3, 4, and 6). 
These had lesions of temporal, occipital, and 
frontal lobes, respectively, with no parietal 
involvement. Of the autopsied cases, 6 had 
positive (asymmetric) optokinetic nystagmus 
signs, and parietal lobe involvement was pres- 
ent in each (Cases 1, 2, 5, 7, 9, and 11). How- 
ever, 5 of the cases present difficulties in in- 
terpretation. Thus, Cases 10 and 13 both have 
dual lesions (basilar artery thrombosis and 
cerebellar medulloblastoma in Case 10). Case 
12 had a left parietal metastatic malignant 
melanoma, and yet normal visual fields and 
optokinetic nystagmus were found clinically. 
This patient died from massive cerebral edema 
within ten days of onset of neurologic symp- 
toms, and perhaps death occurred too rapidly 
for clinical manifestations of the lesions. The 
fact that no field defect was present in this 
case favors the fact that there was little evi- 
dence of parietal dysfunction present at time 
of admission. Case 8 is a temporal lobe neo- 
plasm with an asymmetric optokinetic nystag- 
mus sign. However, parietal lobe extension 
probably occurred in this case, and further 
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anatomic study would have been helpful. 
Finally, the same factor arises in Case 14, in 
which only 1 parietal lobe was studied histo- 
logically. 

The method of testing was rotation, at a 
moderate rate, of a large optokinetic drum 
held about 20 in. from the patient. This was 
done several times to both sides in order to 
compare the responses. It should be noted 
that slight asymmetry may be seen at times in 
normal persons. Only either an absent response 
to 1 side or a definitely defective, asymmetric 
response should be called a “positive O.N. 
sign.” An absent response to both sides has 
little diagnostic significance. The most com- 
mon causes for this finding are that the patient 
is obtunded or sedated, has very low vision, or 
is ignoring the test. It should be noted that 
optokinetic nystagmus has been found to be 
variable in lateralization of brain stem disease 
in the experience of Dr. Cogan, so that the 
statements made previously apply to its use 
only in cerebral lesions. Vertical optokinetic re- 
sponses were not interpreted in this study. 


SUMMARY 


The optokinetic response was analyzed in 
14 cases of cerebral disease that came to au- 
topsy examination; 6 of these cases had posi- 
tive (asymmetric) optokinetic nystagmus signs 
and were found to have parietal lobe lesions. 
Lesions of temporal, occipital, and frontal 
lobes were found in 3 cases, respectively, with 
no parietal involvement. The optokinetic nys- 
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tagmus sign was negative in these cases. Com- 
plicating factors in interpretation of the other 
5 cases have been discussed. 

A frequent occurrence noted in cases with 
positive optokinetic nystagmus signs was con- 
comitant involvement of the thalamus. This 
would not be unexpected with lesions involv- 
ing the middle and posterior one-third of the 
optic radiations, deep in the posteroinferome- 
dial parietal lobe. It is concluded that a 
positive optokinetic nystagmus sign in cortical 
lesions is most suggestive of involvement of 
the parietal lobe. 


teful 1 


The authors give g g! tt to the staff 
of the James Homer Wright Pathology Laboratories, 
Massachusetts General Hospital, for access to the autopsy 
protocols in these cases. 


REFERENCES 


. Kestensaum, A.: Clinical Methods of Neuro-Ophthal- 
mologic Examination. New York, Grune & Stratton, 
1946. 

. Barany, R.: Zur Klinik und Theorie des Eisenbahn- 
nystagmus. Acta oto-laryng. 3:261, 1921. 

. Brunner, H.: Zur klinischen Bedeutung des optischen 
Drehnystagmus. Klin. Monatsbl. Augenh. 68:783, 1922. 

-. Oum, J.: Cited by Kestenbaum.' 

. Fox, J. C., and Hoimes, G.: Optic nystagmus and its 
value in the localization of cerebral lesions. Brain 
49:333, 1926. 

. Corps, R.: Optisch-motorisches Feld und optische- 
motorische Bahn. von Graefes Arch. Ophth. 117:58, 
1926. 

. Cocan, D. G., and Logs, D. R.: Optokinetic response 
and intracranial lesions. Arch. Neurol. & Psych. 61: 
183, 1949. 

. Smrru, J. L., and Cocan, D. G.: Optokinetic nystag- 
mus—A test for parietal lobe lesions. Am. J. Ophth. 
48:187, 1959. 

. Smirn, J. L., Gay, A. J., and Cocan, D. G.: The 
spasticity of jugate gaze ph Arch, Ophth. 
62:694, 1959. 


= 
1 
9 
3 
4 
| 

4 

l 

S 

e 

n 

Tr 


The subcommissural organ 


Gordon J. Gilbert, M.D. 


Even in its anatomy, the midbrain is incom- 
pletely understood. There is in the literature 
no description of the subcommissural organ in 
man, though it has been well described and 
studied in vertebrates at all stages of evolu- 
tion, from the lowest fishes to the monkey.! It 
is a small structure, probably of ependymal 
derivation, consisting of elongated secretory 
cells lining the anteroinferior surface of the 
posterior commissure. From the cells of the 
subcommissural organ arise minute fibrils that 
unite within the cerebral aqueduct to form 
Reissner’s fiber,? a delicate strand completely 
encompassed by the cerebrospinal fluid and 
extending caudally from the subcommissural 
organ to the inferior termination of the spinal 
canal. Using histochemical technics, Wislocki 
and Leduc* were able to demonstrate that, in 
the rat, the subcommissural organ is the site of 
an extraordinary level of enzymatic activity 
and produces a secretion that extends from 
the nucleus to the lumenal surface. This se- 
cretion appears to be remarkably similar in its 
histochemical properties to the material stored 
within the posterior pituitary. 

It seemed reasonable to postulate that, like 
the neurohypophysis, the subcommissural or- 
gan might bé concerned with water metabo- 
lism. In an early investigation, the author 
attempted the microcoagulation of the sub- 
commissural organ in 46 white rats, of both 
sexes, weighing 200 to 250 gm. Postoperative- 
ly, the animals were observed daily for at least 
two weeks, when possible. Often, however, the 
postoperative fall in water consumption was 
such that the rats’ weight loss became severe 
within four or five days, necessitating earlier 
sacrifice. Careful postmortem examination of 
each brain was performed and the presence 
or absence of the subcommissural organ noted, 
as were the size and location of the lesion. It 
was found that, in each animal with a sub- 
commissural organ completely destroyed by 
electrocoagulation, an immediate, drastic, and 
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persisting fall in water consumption occurred, 
death ensuing within a few days. In the rats 
with water consumption unaffected by the 
operation, microscopic examination revealed 
the subcommissural organ to be intact. Partial 
destruction of the subcommissural organ was 
associated with an initial fall in water con- 
sumption, which returned to normal levels 
within a few days. In 2 rats that manifested 
increased water intake on the day of the oper- 
ation and normal levels thereafter, the subcom- 
missural organ was found intact but the 
lesion was very close to it. It was postulated 
that, in these 2 animals, an electrical stimula- 
tion of the organ had occurred. 

A second experimental proceduret was de- 
signed to ascertain whether the subcommissur- 
al secretion possesses hormonal activity with 
influence on water metabolism. Isotonic saline 
extracts of rat subcommissural area were pre- 
pared and injected subcutaneously into rats. 
Because of the great difficulty encountered in 
keeping alive rats with destroyed subcom- 
missural organs, the rats used in this investiga- 
tion were normal healthy animals. A uniform 
fall in water consumption, averaging 20%, was 
noted on the day of the subcommissural in- 
jections; extracts prepared from rat cerebrum 
were without effect on water intake. 

A working hypothesis was elaborated. It 
was felt that the subcommissural organ might 
function in the regulation of body fluid vol- 
ume. Responding to a depletion in body water, 
the organ could initiate a reflex are in the 
contiguous brain stem and hypothalamus to 
promote increased consumption. Simultane- 
ously, a hormone manufactured and released 
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by the activated subcommissural organ would 
act at the renal level so as to conserve fluid 
in the depleted animal. The hormones secreted 
by many of the endocrine glands possess the 
property of depressing the activity of the par- 
ent gland. By ascribing such a function to the 
subcommissural secretion, we were able to ex- 
plain the depression of water consumption 
after the injection of subcommissural extracts 
into the normal white rat. 

Our hypothesis (that the subcommissural 
organ functions in the regulation of body water 
volume) led us to seek in the subcommissural 
organ an anatomic correlate to changes in the 
state of hydration of the living animal. An 
experiment was performed*® in which 6 white 
rats were dehydrated over a period of seven 
to thirteen days and their brains stained with 
periodic acid—Schiff, which selectively stains 
the secretion of the subcommissural organ. The 
subcommissural organs of these rats were then 
compared with those of well hydrated animals. 
The subcommissural organ of the dehydrated 
rat was found to possess a far greater affinity 
for periodic acid—Schiff than did the organ of 
the well hydrated rat. 

Our next objective was to identify more 
clearly the active principle contained within 
the subcommissural secretion. It was felt 
that the similar chemical affinities of the neuro- 
hypophyseal and subcommissural secretions 
might denote a close biochemical relationship. 
Wislocki and Leduc* had demonstrated that 
the chrome alum hematoxylin stain has a 
strong affinity for each of these secretions. 
Developed by Gomori as a specific stain for 
the beta cells of the islets of Langerhans, 
chrome alum hematoxylin had been regarded 
as a selective stain for insulin, a protein of 
molecular weight 34,000. It has since been 
shown by Hild and Zetler® that the material 
contained within the neurohypophysis and 
having an affinity for Gomori’s stain is actually 
the protein precursor from which the octapep- 
tides oxytocin and vasopressin are derived. 
Histochemical methods suggested, then, that 
the subcommissural secretion might be a pro- 
tein. 

In order to test this hypothesis, we extracted 
beef subcommissural organ, employing a num- 
ber of different solvents.? The extracted ma- 
terial was centrifuged and the supernatant in- 
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jected subcutaneously into a rat; daily water 
consumption then was carefully measured. 
Aqueous extracts of beef subcommissural organ 
were found to depress water consumption in 
the injected rat over the following twenty-four- 
hour period, while aqueous extracts of beef 
pulvinar were without effect on water intake. 
Since 0.25% acetic acid is employed widely in 
the extraction of the octapeptides from whole 
posterior pituitary, it was used in the extraction 
of the subcommissural organ. These acetic acid 
extracts were found to be without effect upon 
the water consumption of the injected rats. 
The destruction of subcommissural activity by 
dilute acetic acid offers support to our con- 
cept of a protein hormone. Our efforts to 
fractionate the aqueous extracts by shaking 
with ether or petroleum ether resulted in the 
total loss of activity in all fractions.* Since 
proteins may be denatured by shaking, this 
property, too, suggests that the active principle 
is not a polypeptide but may be a labile pro- 
tein molecule. 

In view of these remarkable properties of the 
subcommissural organ in the rat, the problem 
of whether it exists in adult man is indeed 
intriguing. There has been one earlier study. In 
1910, Dendy and Nicholls* prepared sections 
through the upper midbrain of a single adult 
human subject of undisclosed age and sex. 
They did not find the “elongatedly columnar 
epithelium” that they felt to be characteristic 
of the subcommissural organ in lower types 
and concluded that the subcommissural organ 
is absent in man. Their conclusion has been 
generally accepted and quoted in neuroana- 
tomic literature over the last forty-eight years.® 

The more recent development of histochemi- 
cal technics that permit the selective staining 
of the subcommissural secretion* would appear 
to provide a more precise method for de- 
termining the presence or absence of a secre- 
tory subcommissural organ in the adult human 
brain. 


METHOD 


Used in this study were human brains com- 
ing to autopsy at the West Haven Veterans 
Admi:istration Hospital during the autumn 
months of 1958. Shortly after death, all brains 
had been fixed in formalin, in which they re- 
mained for approximately one week before 
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Figure 1 


Figure 2 


Figure 3 


sectioning. The midbrain was then removed, 
embedded in paraffin, sectioned transversely 
or saggitally (6,), stained with periodic acid— 
Schiff, counterstained with hematoxylin, and 
studied microscopically. 


RESULTS 

In this study, 9 adult human brains were 
examined, and in each of these a secretory 
subcommissural organ was found. The ages 
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of these brains were, respectively, 30, 49, 63, 
64, 64, 67, 68, 74, and 75 years; 1 of the 
64-year-old brains was that of a female; all 
others were from males. 

A considerable amount of individual varia- 
tion was seen in the configuration of the sub- 
commissural organ as viewed on cross section. 
Most commonly, however, the subcommissural 
organ took the form of a single promontory 
bulging into the cerebral aqueduct from its 
roof. This type of structure in the brain of a 
49-year-old male is illustrated (x 40) in Figure 
1. At higher power (x 750) in Figure 2, the 
characteristic secretory cells are seen. Periodic 
acid—Schiff—positive secretory material extends 
from the basally located nuclei to the lumenal 
surface. This can be compared with Figure 3, 
a section of ependyma lining the lateral wall 
of the cerebral aqueduct at the same trans- 
verse level. These nuclei are not basally lo- 
cated, nor is there evidence of a peripheral 
Schiff-positive secretion. 

Figure 4 reveals a paired subcommissural 
organ (x 53), found in only 1 brain, that of a 
64-year-old female. A similar doubling of the 
organ has been described in 1 human fetal 
brain.’° The typical secretion is again demon- 
strated in Figure 5. 

Yet another variation in subcommissural 
morphology is illustrated in the 68-year-old 
male brain in Figure 6. A narrow groove ex- 
tends down the center of the upper aqueductal 
roof, and around this groove cluster the strong- 
ly secretory subcommissural cells. Their nuclei 
are large, basally located, and elongate in a 
plane perpendicular to the surface. Secretory 
material extends from the nuclei to the margin 
of the groove. 


DISCUSSION 


The “elongatedly columnar epithelium” 
sought in vain by Dendy and Nicholls in their 
specimen was equally inapparent in our ma- 
terial. It is evident that the subcommissural 
cells have become squat in man, but it is 
equally clear that a subcommissural organ is 
indeed present in the adult human brain. The 
degree of secretory activity seen in our sec- 
tions is comparable to that noted in the rat, 
in which destruction of the subcommissural 
organ creates fatal havoc in fluid balance. 

In man, disease of the brain stem can be 


140 
\ 
Bre 
~ 
. 
e 
~ 
ma? 
= — 


THE SUBCOMMISSURAL ORGAN 


associated with severe disturbances of fluid 
and electrolyte balance, including “cerebral 
salt wasting,” “cerebral salt retention,” and 
dehydration. The renal mediation of the cere- 
bral salt syndromes suggests an endocrine 
mechanism, and a “volume receptor,” located 
intracranially, has been postulated.'!-!? It is 
possible that the volume receptor is to be 
found in this organ composed of secretory cells 
coating the ventral surface of the posterior 
commissure. A frequent concomitant of mid- 
brain disease is impairment of consciousness, 
which renders difficult the evaluation of such 
disturbances as adipsia and electrolyte imbal- 
ance. The general recognition of the existence 
of a subcommissural organ in man and of its 
pronounced effects on fluid balance in lower 
animals might, however, promote attempts to 
correlate fluid-electrolyte abnormalities in cases 
of midbrain disease and subcommissural organ 


pathology. 
ADDENDUM 


In attempting to localize the cerebral regula- 
tion of adrenal aldosterone, Farrell and associ- 
ates! have found that lesions of the periaque- 
ductal gray involving the posterior commissure 
markedly depress aldosterone secretion. In sa- 
line extracts,!* aldosterone-stimulating activity 
was highest in the “pineal complex,” consisting 
of the pineal and the anterior portion of the pos- 
terior commissure (where the subcommissural 
organ is located); Farrell found, as we did in 
our subcommissural extracts, that cold extrac- 
tion was necessary to obtain optimal hormonal 
activity. Thus, fluid retention by the postulated 
subcommissural volume receptor may be medi- 
ated via adrenal aldosterone stimulation, re- 
sulting in the renal retention of salt water. By 
directly stimulating thirst, the subcommissural 
organ would further increase fluid volume in 
the depleted animal. Aldosterone determina- 
tions should prove of great interest in the cere- 
bral salt retaining and wasting syndromes. 


SUMMARY 


The subcommissural organ is located at the 
anteroinferior surface of the posterior commis- 
sure. Histochemical studies suggest that the 
organ possesses secretory activity. Its electro- 
coagulative ablation in rats results in an im- 
mediate and drastic fall in water consumption, 
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while the subcutaneous injection of its aque- 
ous extract into rats is followed by a sharp 
alteration in water intake. The subcommissural 
organ of the dehydrated rat possesses a greatly 
increased quantity of periodic acid-Schiff-posi- 
tive secretory material. It is suggested that the 
subcommissural organ may be the so-called 


volume receptor of the body, regulating the 
total body fluid content. The existence of a 
subcommissural organ in the adult human 
brain has been previously unrecognized. Using 
periodic acid—Schiff staining technic, we find 
a secretory subcommissural organ present in 
each of the 9 adult human brains studied. 
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Cholesterol and fatty acid synthesis 


in diabetic nerve and spinal cord 


Sven G. Eliasson, M.D., and Ann H. Hughes, M.D. 


DiaBeTes mellitus may be accompanied or 
even preceded by neurologic symptoms. The 
clinical incidence of diabetic neuropathy as 
given by different authors varies considerably.” 
In part, this is due to the difference in criteria 
used to establish the diagnosis. The factors 
leading to the development of neuropathy are, 
at the present time, unknown. Theories that 
have been proposed to explain diabetic neu- 
ropathy favor either a vascular* or metabolic* 
genesis. Experimental diabetes has been of 
little value in the study of diabetic neuropathy 
in that neurologic symptoms are rare.> A well 
known metabolic disturbance in experimental 
diabetes is depression of fatty acid and cho- 
lesterol synthesis in liver.*-8 Siperstein and 
Fagan® studied the enzymatic factors involved 
in the depression of lipogenesis and found that 
addition of reduced triphosphopyridine nucleo- 
tide (TPNH) corrected the defect. From this, 
they deduced that reduced glucose oxidation 
via the hexosemonophosphate pathway, nor- 
mally the source of TPNH, would put a rate 
limitation on lipogenesis. Synthesis of fatty 
acids and cholesterol plays a major role in the 
formation and maintenance of the myelin 
sheath. It was therefore thought to be of in- 
terest to investigate the ability of the nervous 
tissue from: alloxanized rats to incorporate ace- 
tate-1-C!4 into lipids. We also studied the 
effect of additions of diphosphopyridine nu- 
cleotide (DPN) and TPN on lipogenesis in 
nerve and spinal cord from both normal and 
diabetic rats. 


METHODS 


Animals. Sprague-Dawley rats weighing 250 
to 400 gm., from the Holtzman Rat Company, 
Houston, were used for this study. They were 
maintained on Purina Laboratory Chow. Dia- 
betes was induced by intraperitoneal injection 


of 100 mg. of alloxan monohydrate per kilo- 
gram of body weight. The alloxan was buf- 
fered as described by Klebanoff and Green- 
baum.® The diabetic rats were used within 
one to four weeks after injection and had fast- 
ing blood sugars exceeding 250 mg. per cent 
and a urinary output of over 200 cc. Rats 
that had been injected but did not become 
diabetic were used as controls on the effect of 
alloxan injections. 

Preparation. The animals were killed by a 
blow on the head and the sciatic nerve and 
spinal cords rapidly removed and placed in 
Krebs buffer. Fat and connective tissue were 
removed and the nerve and spinal cord cut 
into 3-mm. segments and weighed. The nerve 
tissue fragments were placed in center-well 
flasks of Baruch’s type,'® and substrates, coen- 
zymes, and acetate-1-C!4 were added to a 
total volume of 1.45 cc. or 2.45 cc. The flasks 
were gassed with 95% oxygen and 5% carbon 
dioxide for ten seconds and incubated at 37.5° 
C. for two hours in a Dubnoff shaker. 

Analytical methods. The methods used are 
extensively described by Siperstein and Fa- 
gan.!! After incubation, carbon dioxide was 
removed from the center well by shaking the 
flasks for thirty minutes in an ice bath with 
alkaline hyamine 10 X 1-1 methanol-toluene!” 
in the center well. The hyamine solution was 
mounted with toluene and diphenyloxazole 
and the radioactivity assayed in a Packard 
Liquid Scintillation Counter. Saponification of 
the remaining solution with 1 cc. of 90% po- 


. From the Department of Internal Medicine, University of 


Texas Southwestern Medical School, Dallas. 


This work was supported in part by Grant 200 from the 
National Multiple Sclerosis Society. 

Read before the Sections of Neurochemistry and Neuro- 
pharmacology at the eleventh annual meeting of the Amer- 
ican Academy of Neurology, Los Angeles, April 16, 1959. 


143 


144 NEUROLOGY 


TABLE 1 
INCORPORATION OF ACETATE-1-C™“ INTO CHOLEs- 
TEROL IN MuM X 10° per 100 Mc. 
oF FREsH Tissue 


A. Spinal cord 

Experiment I Il Il IV Vv 
Normal 60 9 93 18 100 
Diabetic 20 52 68 5 15 

B. Sciatic nerve 

Experiment I II Hl IV of 
Normal 360 310 205 274 183 
Diabetic 100 80 66 68 110 
Concentrations of additions: Gl 6-phosphate, 16 x 


10-* M; potassium acetate, 1.6 M_ 
Total volume, 2.45 cc. 


tassium hydroxide brought the nerve fragment 
into solution. The nonsaponifiable material was 
extracted with petroleum ether and the cho- 
lesterol fraction isolated as digitonide.’* The 
digitonide was dissolved in methanol and then 
added to the scintillation solution and counted. 
The saponified material was dissolved in etha- 
nol; the ethanol was then evaporated and water 
added to the mixture. After acidification, a 
petroleum ether extract was prepared, an ali- 
quot of which was assayed for fatty acid-C!4. 


RESULTS 


Effect of alloxan-induced diabetes on nerve 
lipogenesis. Glucose-6-phosphate (Sigma Chem- 
ical Company) was used as glycolytic sub- 
strate to study the incorporation of acetate 


TABLE 2 


INCORPORATION OF ACETATE-1-C™ INTO Fatty 
Aciws IN MuM PER 100 Mc. or FrEsH TIssuE 


A. Spinal cord 


Experiment I II III IV V 
Normal 3 36 45 22 14 
Diabetic 1 12 0.4 0.3 ll 


B. Sciatic nerve 


Experiment I Il Ill IV V 
Normal 2.8 3 1.2 0.4 13 
Diabetic 6 16 6 7.6 23 


Concentrations of additions are the same as those used in 
Table 1. 


in nerves and spinal cord of normal and dia- 
betic animals. The results as given in Table | 
show an incorporation of acetate by normal 
nerve into cholesterol in amounts ranging from 
183 to 360 myuM x 10-. In contrast, only 66 
to 110 muM x 10-2 of acetate are incorporated 
in the cholesterol of the diabetic nerve. This 
decrease in incorporation is independent of the 
length of time the animal has been diabetic 
and of its blood sugar level present one week 
after alloxan. 

The depression in diabetic nerve cholesterol 
synthesis amounts to almost 80% in most in- 
stances. In contrast, in the same animal, the 
spinal cord cholesterol synthesis is only de- 
pressed by about 40% (Table 1). In 1 experi- 
ment, the synthesis of cholesterol in the dia- 
betic cord was higher than in the normal cord. 

It is apparent, therefore, that, with the use 
of glucose-6-phosphate as glycolytic substrate, 
the incorporation of acetate-1-C!4 into cho- 
lesterol from the nerves and spinal cords of 
diabetic animals is depressed. 

The quantity of fatty acids synthesized in 
normal cord and nerve tissue varies from ani- 
mal to animal. In the experiments reported in 
Table 2, a constant depression is seen in fatty 
acid synthesis in the spinal cord of diabetic 
animals. The depression is zero to sixty-six- 
fold. In contrast, the synthesis in the diabetic 
nerve is 2 to 19 times higher than in the nor- 
mal nerve. 

Effect of DPN and TPN on fatty acid and 
cholesterol synthesis. Addition of DPN and 
TPN to nerve fragments using glucose-6-phos- 
phate as substrate should stimulate glycolysis 
along the Embden-Meyerhot and hexosemono- 
phosphate pathways, respectively.'+5 In the 
first case, this should Jead to an increased pro- 
duction of reduced DPN and, in the latter case, 
to an increase in reduced TPN. Since it is 
known that TPNH is required in the synthesis 
of fatty acids'® and since it is also known that 
addition of TPNH can correct the synthetic 
deficiencies in diabetic liver homogenate,® glu- 
cose oxidation was alternately stimulated by 
the addition of DPN and TPN to the metab- 
olizing nerve fragments. 

Tables 3 and 4 show the effects of choles- 
terol synthesis with the additions of DPN and 
TPN, individually and combined, to the nerve 
fragments. The addition of these cofactors 
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TABLE 3 


Errect oF COFACTORS ON THE INCORPORATION OF ACETATE-1-C!4 INTO CHOLESTEROL 
IN MuM x 10° per 100 Mc. or FresH TissuE By NORMAL AND D1ABetic NERVE TIssUE 


A. Normal nerve 


B. Normal cord 


Additions Experiment I Experiment II Experiment III Experiment I Experiment II Experiment II 
None 310 205 130 18 ll 9 
DPN 800 500 280 76 84 75 
TPN 1050 370 320 53 45 145 
DPN + TPN 1310 800 530 23 74 40 
C. Diabetic nerve D. Diabetic cord 

Additions Experiment ExperimentII Experiment III Experiment Experiment II Experiment II 
None 75 50 90 5 1.5 1.2 
DPN 50 70 110 ll 1.8 2.0 
TPN 90 54 110 12 2.0 2.0 
DPN + TPN 76 40 140 12 2.0 2.6 
Concentrations of additi Gl 6-phosphate, 18 x 10-°*M; DPN, 1.4 x 10-°M; TPN, 1.4 x 10-°M; 


potassium acetate, 2.1 x 10 2M 
Total volume, 2.45 cc. 


caused a definite increase in cholesterol synthe- 
sis in both normal nerve and cord (Table 3), 
while they apparently have no stimulating 
effect at all on diabetic nerve and only a 
questionable effect on diabetic cord. Table 4 
demonstrates the effect of these cofactors on 
fatty acid synthesis. Again, DPN and TPN 
individually cause a decided increase in fatty 
acid synthesis in normal nerves. A definite 
stimulation can also be seen in the normal 
cord. A combination of the cofactors has less 
stimulatory effect. However, in diabetic nerve 
and cord, no consistent pattern of either stimu- 
lation or depression can be found. 

To test the possibility that fatty acid and 
cholesterol production may be proportional to 


carbon dioxide production, the radioactive car- 
bon dioxide was determined. In Table 5, 
4 representative sets of data are given, indi- 
cating no parallelity between radioactive car- 
bon dioxide production and fatty acid or cho- 
lesterol synthesis. 

Control experiments were also carried out 
with alloxanized animals that did not become 
diabetic after the first injection. These showed 
no abnormalities in lipid synthesis from acetate. 


DISCUSSION 


In vitro preparations of spinal cord and 
peripheral nerves from animals incorporate 
acetate-1-C!4 into cholesterol and fatty acids.'* 
The incorporation is normally slow in the adult 


TABLE 4 
Errect oF Coractors ON Fatry Acip SYNTHESIS IN MuM PER 100 Mc. oF FRESH TISSUE 


A. Normal nerve 


B. Normal cord 


Additions Experiment Experiment II Experiment III Experiment Experiment II Experiment III 
None 22 13.5 36 0.4 1.3 3 
DPN 120 100 298 0.7 16 15 
TPN 210 360 259 10 7 10 
DPN + TPN 80 50 80 14 ll 10 
C, Diabetic nerve D. Diabetic cord 
Additions Experiment Experiment II Experiment III Experiment I Experiment II Experiment III 
None 7.6 23 16 3 ll 12 
DPN 4.7 31 9 6 16 6 
TPN 10.4 35 8 9 8 8 
DPN + TPN 18 13 27 8 21 6 


Concentrations of additions are the same as those used in Table 3. 


= — 


146 


TABLE 5 


INCORPORATION OF ACETATE-1-C™ INTO CARBON 
Dioxiwe, Fatty Acips, AND CHOLESTEROL 


co, Fatty acids Cholesterol 
myM per myM per myM x 10-* 
Tissue 100 mg. 100 mg. _per 100 mg. 
Normal nerve 510 13.5 183 
Diabetic nerve 437 23.0 110 
Normal cord 161 13.0 10.6 
Diabetic cord 241 11.0 1.5 


Concentrations of additions are the same as those used in 
Table 1. 


animal.'* It would seem likely that the svn- 
thesis of these lipids follows the same pattern 
in nerves as in liver. If this is the case, genera- 
lized metabolic diseases that affect liver syn- 
thesis of lipids could possibly also damage 
nerve lipid synthesis. In diabetes mellitus, 
liver fatty acid synthesis from acetate is de- 
pressed® and cholesterolgenesis is either de- 
pressed’ or elevated.!® These defects can be 
corrected by addition of TPNH*® to the incuba- 
tion medium (occasionally, DPNH?°). 

In our experiments, we compared the in- 
corporation of acetate into cholesterol of nerves 
and cords from normal and diabetic animals. 
A lower level of cholesterolgenesis was found 
in the diabetic nerve tissues. This could be ex- 
plained on the basis of a metabolic block 
similar to that in diabetic liver. If that was the 
case, addition of TPNH should correct the 
metabolic defect. Addition of 2 ».M of TPN 
with glucose-6-phosphate as substrate did not 
increase the cholesterol synthesis. 

The failure of TPNH to correct the meta- 
bolic defect in diabetic nerve tissue may be 
due to a permeability disturbance. Cholesterol 
genesis probably takes place in the Schwann 
cells,*" which may undergo membrane changes 
in diabetes. The same reason may apply to the 
fact that addition of DPNH and combination 
of both factors were equally ineffective. 

If the cofactors do reach the site of cho- 
lesterol synthesis, an increased destruction or 
a lack of the protein moiety of the enzymes 
may explain the absence of stimulatory effect. 
Brain tissue has sufficient nucleotidase to de- 
stroy DPN and TPN quite rapidly,?? but, if 
this also is the case in cord and nerves, it is 
not known. We have seen a stimulatory action 
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of the cofactors on normal nerve and cord and 
would therefore have to assume that diabetic 
tissue has a more active nucleotidase. Addi- 
tions of nicotinamide did not change or en- 
hance the pyridine nucleotide effect.23 

Another possibility to be taken into con- 
sideration would be the requirement of a 
specific donor system for TPNH."!-24 It seems 
most likely, however, that, in nerve tissue, 
which preferentially uses glucose as a sub- 
strate, the glucose-6-phosphate-TPN system 
should be adequate. 

Fatty acid synthesis is important to the 
nervous system. Fatty acids enter into the pro- 
duction of sphingolipids as well as their mother 
substance sphingosine and also form an im- 
portant part of the glycerophosphatides. Fatty 
acid synthesis in the liver is also depressed in 
diabetes, and, here again, the theories pro- 
posed to explain this defect concentrate on 
coenzyme defects.*:?°.25 Our results point to a 
depression of acetate incorporation into fatty 
acids in diabetic spinal cord but an increase 
in diabetic nerve, both as compared with nor- 
mal nerve tissues. The difference is interesting 
inasmuch as we have observed compensatorv 
increases in fatty acid production in peripheral 
nerve after trauma and localized this to the 
Schwann cell fraction,2* which normally does 
not participate to any great extent in fatty 
acid synthesis. In preliminary experiments, we 
have also found that cell-free preparations of 
peripheral diabetic nerve show a decrease in 
fatty acid production, which is the same as in 
diabetic cord. One might hypothesize that 
fatty acid production is so much more impor- 
tant to the nerve than cholesterol production 
that, in addition to the normal synthesis in the 
axon, a reserve mechanism is available in the 
Schwann cell. Langdon’s®® observations indi- 
cating the requirement for TPNH fatty acid 
production specifically in the stage from cro- 
tonyl to butyryl-coenzyme A (CoA) led us to 
try additions of TPNH to the incubation bath. 
A moderate stimulatory action on fatty acid 
synthesis in normal nerve was found, but no 
effect at all on the diabetic nerve was seen. 
The explanations offered for the absence of 
action in the case of cholesterol svnthesis may 
also be entertained in this case. 

It is important to realize that the comparison 
between metabolic defects in diabetic liver 
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slices and diabetic nerve tissue may not be 
justified. For one thing, the stimulatory action 
of cofactors on normal liver preparations is 
much higher than anything we have seen in 
normal nerve tissue. Even if no direct relation 
could be demonstrated between the carbon 
dioxide production (reflecting Krebs cycle ac- 
tivity) and the lipid synthesis in our experi- 
ments, an increased production of acetyl-CoA 
could be sufficient explanation for the ob- 
served increase in lipogenesis and cholesterol 
synthesis in normal tissue. For this speaks the 
fact that both DPN and TPN seem to give the 
same amount of increase in incorporation of 
acetate. On the basis of these observations, we 
are inclined to doubt the importance of the 
activity in the hexosemonophosphate shunt 
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and TPNH generation as controlling factors in 
nerve lipid synthesis. 


SUMMARY 


The incorporation of acetate-1-C!4 into fatty 
acids and cholesterol of spinal cord and nerves 
was studied. Normal rats and rats made dia- 
betic by alloxan injection were used. 

In comparison with normal values, cho- 
lesterol svnthesis is depressed in diabetic spinal 
cord and nerve. 

Fatty acid synthesis is depressed in diabetic 
cord and elevated in diabetic peripheral nerve. 
Pyridine nucleotides stimulate lipogenesis and 
cholesterol synthesis in normal cord and nerve 
but do not influence the depressed production 
in the diabetic animal. 
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Huntington's chorea in Michigan 


Ill. Clinical observations 


Joseph H. Chandler, M.D., T. Edward Reed, Ph.D., 
and Russell N. DeJong, M.D. 


AN INTEGRATED genetic and clinical study of 
all residents of Michigan known to be afflicted 
with Huntington’s chorea during the period 
1900 to 1955 has recently been completed; 
data used were obtained from a state-wide 
survey. Details of the methods used, along 
with an analysis of demographic and genetic 
data, have been published elsewhere,’ as has 
a comprehensive discussion concerned with 
selection and mutation.? This, the third and 
final communication, will deal with certain 
clinical aspects of the disease. 

In an attempt to obtain data on all persons 
known or reliably reported to have Hunting- 
ton’s chorea who had ever lived in Michigan, 
medically diagnosed propositi were obtained 
from several sources. The diagnostic files of the 
University Hospital and all the state hospitals 
in Michigan, as well as the files of the Veterans 
Administration hospitals in Michigan, the 
Wayne County General Hospital, and a num- 
ber of county infirmaries, were reviewed in 
order to compile a listing of persons living or 
dead with definite or possible diagnoses of 
this disease. Kindreds already on file in the 
Heredity Clinic, Department of Human Ge- 
netics, of the University of Michigan were in- 
corporated into the study. Pedigree data were 
gathered by field work and correspondence. 
Examination of new cases and nonaffected 
members of families was carried out in the 
University of Michigan Hospital Outpatient 
Department and in state hospitals and private 
homes. As a result, these genetic investigative 
facilities for ascertaining cases and gathering 
pedigree information have provided the clini- 
cal neurologist with the unique opportunity to 
examine a large number of patients with Hunt- 
ington’s chorea. They have also led to the dis- 
covery of the presence of Huntington’s chorea 
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in relatives not previously diagnosed and have 
provided for the examination of patients in the 
early stages of the disease long before these 
individuals would have normally sought medi- 
cal care and advice. 

Although the well-known description of this 
disease by George Huntington in 1872 called 
it to medical attention,*® several accounts of 
hereditary chorea and dementia affecting adults 
had been reported prior to the publishing of 
this classic essay." Among the important ge- 
netic investigations of the disease is that of 
Bell in 1934,7 with geographic studies in 
Sweden by Sjégren in 1935;5 the Rhineland 
(Germany) by Panse in 1942;® East Anglia,'” 
the Duchy of Cornwall,''! and Northampton- 
shire’? in England; Victoria'* and Tasmania™ 
in Australia; Aichi Prefecture in Japan;'® and 
the State of Minnesota in this country.’ 

The ancestry of some of the earliest known 
American families was discussed by Jelliffe® 
and Tilney.'? Davenport and Muncey,'* Ves- 
sie,'® and Critchlev'’® have traced the ancestry 
of a large number of cases to a small group 
of individuals who migrated to this country 
from Bures in Suffolk, England, around 1620. 
Davenport and Muncey, in 1916, stated that 
nearly 1,000 cases could be traced to about 6 
individuals, including 2 (or 3) brothers from 
this small town. Critchley, in a later review, 
stated that there is no positive evidence that 
these men were brothers but did feel that they 
(and their wives) were undoubtedly related, 
probably by consanguinity. Other kindreds 
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in the United States have been traced to 
France, Germany, England, Ireland, Norway, 
and other European countries,?° as well as to 
countries outside continental Europe. 


VITAL STATISTICS 


A total of 229 kindreds having 801 affected 
members were gathered in our study. Of the 
801 patients, 761 were established Michigan 
residents, the remainder being transients or 
residents of other states. Case records with 
pertinent data were tabulated for approxi- 
mately 450 cases. An adequate neurologic 
examination was recorded for 325 and autopsy 
with neuropathologic findings compatible with 
Huntington’s chorea was carried out on 60. 
Over a two-year period (1954-1955), 127 liv- 
ing choreics were examined during various 
stages of the disease. 

The observed frequency of Huntington's 
chorea was determined for the Lower Penin- 
sula of Michigan for April 1, 1940. As of that 
date, 203 individuals were found who were 
either medically diagnosed as having this dis- 
ease or reliably reported to have it by lay 
sources, as well as having a close relative who 
was medically diagnosed. On the basis of a 
population of 4,932,562 (Lower Peninsula of 
Michigan, 1940 United States Census), ac- 
cordingly, there was an observed frequency of 
4.12 cases per 100,000 population, or about 1 
choreic per 24,300 individuals. As of the same 
date, it was estimated that the frequency of 
individuals heterozygous for the dominant 
gene for Huntington’s chorea was 10.1 per 
100,000 population. The comparative fre- 
quency ranges of this disease that have been 
reported elsewhere are as follows: Rhineland, 
Germany, 3.22 per 100,000; Cornwall, Eng- 
land, 5.57 per 100,000;'! Northamptonshire, 
England, 6.5 per 100,000;!° Minnesota, 5.43 
per 100,000;1® Victoria, Australia, 2.3 per 
100,000,1* and Aichi Prefecture, Japan, 0.33 
per 100,000.1° None of these studies is exactly 
comparable to the present investigation. If 
one can assume that the frequency of Hunting- 
ton’s chorea in Michigan was the same during 
the period 1954-1955 as it was in 1940 (1 
choreic per 24,300 persons), with an esti- 
mated census on the later date of 6,500,000, 
one could postulate that there were 267 living 
choreics. Inasmuch as 127 were examined, 
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Fig. 1. Age at onset of symptoms in 614 pa- 
tients with a chorea in whom the 
time of onset could be definitely established 


approximately 50% of those living were seen 
and examined. 

Of the 761 Michigan residents with Hunt- 
ington’s chorea, 363 were male and 398 were 
female. The exact age of onset was often dif- 
ficult to determine, since there frequently were 
discrepancies in statements of equally reliable 
observers. In the main, the age of onset was 
considered to be the time of appearance of 
choreiform movements, but, on occasion, the 
time was determined on the basis of the ap- 
pearance of definite mental or emotional 
changes prior to the appearance of movements. 
Using these criteria, the range of age of onset 
of symptoms of the disease was 15 to 65 years, 
with a mean age of onset of 35.3 years (Fig. 
1). This mean agrees closely with that of Panse 
(36.19),® Bell (35.51),7 and Davenport and 
Muncey (38).!* The mean age for institution- 
alization for 89 males was 48.11 years and for 
102 females was 48.87 years. The mean inter- 
val between onset and the first institutionaliza- 
tion was 10.59 years for males and 12.67 years 
for females. 

The mean age of death of these patients was 
53.04 for males and 54.11 years for females. 
The mean interval between onset and death 
was 15.78 years for males and 15.93 years for 
females, in comparison with Panse’s figures of 
13.87 years for males and 13.05 years for fe- 
males” and Bell's of 13.72 for the 2 sexes to- 
gether.? Suicide was an important cause of 
death in noinstitutionalized patients and ac- 
counted for 7.8% of deaths in males and 6.4% 
of deaths in females. 

Inasmuch as some previous American studies 
have emphasized Southeastern England as the 
area from which the choreic ancestors of 
American choreics came, it is of interest to 
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Fig. 2. Pedigree of a family with Huntington’s chorea, showing a large number of cases and 


dominant inheritance 


record the earliest known “origins” of the gene 
for Huntington’s chorea present in the patients 
studied by us. Of 51 kindreds that could be 
traced outside of the United States, Canada, 
Germany, and England were the leading areas 
with 12, 11, and 7 kindreds, respectively. Of 
the American kindreds traced outside of Michi- 
gan, the largest number came from the State of 
New York, with 19 kindreds. Other foreign 
countries respresented included Poland, Ire- 
land, Scotland, Italy, the Netherlands, Austria, 
Czechoslovakia, Finland, Greece, Hungary, 
Spain, and Yugoslavia. 
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Fig. 3. Distribution of age of onset of Hunt- 
ington’s chorea for 417 individuals in whom 
emotional impairment was definitely known 
to be either present or absent at time of 
onset 
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CLINICAL ASPECTS 

It is not the purpose of this presentation to 
review the major clinical manifestations of 
Huntington’s chorea nor to discuss its pathol- 
ogy. The abnormal involuntary movements, 
emotional disturbance, and intellectual deteri- 
oration are well-known to all neurologists, as is 
the dominant inheritance (Fig. 2), but certain 
aspects of the clinical picture may be stressed. 
There is much individual variation in the rela- 
tive order of appearance, prominence, and rate 
of progression for each of the 3 major mani- 
festations. The severity and order of appear- 
ance is variable in members of separate gener- 
ations, and it was not possible to confirm pre- 
vious statements that age of onset, degree of 
motor involvement, and extent of mental de- 
terioration all show family differences;1§ this 
may be true in some families and not in others. 
Also, we were not able to demonstrate the 
presence of anticipation (the appearance of the 
disease at an earlier age in each succeeding 
generation), although that, too, has been re- 
ported in the past.*! It appears, however, that, 
for a given duration of Huntington’s chorea, 
the disease is generally more severe in cases 
of early onset (15 to 40 years) than in those 
of late onset (55 to 65 years). In those pa- 
tients with early onset, the emotional disturb- 
ance is often more prominent and precedes 
chorea and intellectual loss by months or years 
(Fig. 3). In 209 choreics born in 1892 or be- 
fore, the mean age of onset in those with 
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emotional impairment was 38.62 years and, in 
those without known emotional impairment, it 
was 47.50 years. In 208 patients born after 
1892, the mean age of onset in those with 
emotional impairment was 32.06 years and, in 
those without such impairment, it was 37.83 
years. With older age of onset, on the other 
hand, choreiform movements and progressive 
dementia are more often the initial components 
and have their onset at nearly the same age 
(Fig. 4); the emotional disturbance is usually 
less prominent. 

It has long been apparent to clinicians and 
investigators of Huntington’s chorea that men- 
tal deficiency, convulsive disorders, alcoholism, 
abnormalities of behavior, suicide, criminal 
tendencies, and “insanity” occur commonly in 
families of patients with this disease.1°?! Our 
study confirmed this, but, in addition, associ- 
ated neurologic manifestations were present in 
many of our kindreds. These included parkin- 
sonism, cerebellar syndromes, spastic quad- 
riplegia, and dementia (Fig. 5). It is not 
known whether these are chance associations 
or the result of unusual manifestations of the 
gene for Huntington’s chorea, but the former 
is presumed. 

The diagnosis and differential diagnosis of 
Huntington’s chorea should be mentioned. The 
diagnosis often is not made until many years 
after the onset of symptoms, even in families 
in which the disease is known to exist. There 
are many reasons for this. The patient and 
members of his family may, either consciously 
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Fig. 4. Distribution of age of onset of Hunt- 
ington’s chorea for 417 individuals in whom 
intellectual impairment was definitely known 
to be either present or absent at time of 
onset 


or unconsciously, fail to give the details of the 
family history or to mention similarity between 
the patient’s symptoms and those of others in 
the family. They may give the cause of death 
of parents (for instance, pneumonia) but omit 
reference to choreic manifestations or mental 
disease. Huntington’s chorea is relatively rare, 
and many physicians, even psychiatrists, fail 
to consider it in diagnosis; the abnormal move- 
ments, especially if mild, may be considered to 
be tics or “nervous” manifestations, and in- 
sufficient weight is given to mental and emo- 
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Fig. 5. Pedigree of a family with Huntington’s chorea in which there were also instances of epi- 


lepsy and mental deficiency 
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tional changes. On the other hand, our study 
has shown that many other neurologic condi- 
tions especially those with hyperkinetic mani- 
festations, have been mistakenly diagnosed as 
Huntington's chorea. In the younger age group, 
these include chorea minor, hepatolenticular 
degeneration, lipoid storage diseases, dystonia 
musculorum deformans, athetosis, choreoathe- 
tosis, and spinocerebellar syndromes, among 
others. The conditions incorrectly diagnosed as 
Huntington’s chorea in the middle-aged group 
included familial or essential tremor, cerebel- 
lar degenerations, Parkinson’s disease, conver- 
sion states, chronic alcoholism, multiple sclero- 
sis, dementia paralytica and other forms of 
central nervous system syphilis, and various 
presenile organic mental deteriorations. The 
important conditions to be differentiated in the 
older age group include the senile and arterio- 
sclerotic encephalopathies, the senile form of 
familial tremor, and so-called senile chorea. 
The latter differential is often difficult to make, 
because Huntington’s chorea of late onset is 
often insidious in development, without associ- 
ated emotional disturbances, and may progress 
slowly for many years. In the current study, it 
was necessary both to reject many kindreds 
including patients incorrectly diagnosed as 
having Huntington’s chorea and to include a 
large number of patients with this disease 
whose original diagnoses have included one or 
more of the conditions listed above. 


PREMORBID TRAITS AND PREDICTION 


In a disease that is known to be inherited 
as a dominant trait but the manifestations of 
which are not apparent until late in the child- 
bearing period, it would be most valuable to 
be able to predict the development of the dis- 
ease, since only those who develop it will pass 
it on to succeeding generations. No useful 
differences that would aid in predicting the 
development of the disease in offspring of 
known choreics were found between non- 
choreic siblings and the general population of 
the State of Michigan with respect to occupa- 
tional, educational, or marital status. Some 
years ago, an attempt was made to predict the 
development of the disease in children of 
known choreics by means of electroencepha- 
lography;*? a follow-up of this was disappoint- 
ing. Our present data can in no way refute an 


earlier statement by Hughes*! that potential 
choreics do not differ materially from their 
nonchoreic siblings in early temperamental 
traits and behavior and that there seems, as 
yet, to be no reliable indicator in early life of 
the later development of the disease. 


SPORADIC CASES AND MUTATION IN 
HUNTINGTON'S CHOREA 


As has been definitely established previous- 
ly, Huntington’s chorea is determined by a 
gene showing dominant inheritance. Muta- 
tion occurs in most well studied dominant 
traits in man, and evidence indicates that such 
mutation from the normal form of the gene to 
the mutant, disease-producing form takes place 
at a frequency of the order of 1 in 100,000 
genes per generation.”* When mutation occurs, 
the individual receiving the mutant gene repre- 
sents a sporadic case of the disease and is able 
to pass it on to his offspring. Ideally, a mu- 
tation of Huntington’s chorea should satisfy 
the following conditions: [1] the individual 
should have characteristic clinical features of 
the disease; [2] both parents should be living 
beyond the age of 65 years and found to be 
free of symptoms and signs by both clinical 
history and neurologic examination; [3] evi- 
dence should be present that the mutant pro- 
duces affected offspring. 

In the search for mutations, 36 individuals 
were found who had well documented, char- 
acteristic clinical findings and course for the 
disease but without supporting family history. 
Autopsies were performed on 11 of these, and 
pathologic findings compatible with a diagnosis 
of Huntington’s chorea were present. Exhaus- 
tive correspondence and diligent field work 
uncovered only inconclusive pedigree informa- 
tion for 33 of these 36 patients. In most cases, 
a living relative could not be found. In several 
instances, the parent had died accidentally or 
from some other cause before reaching the age 
of 65. A “negative” family history was found 
in only 3 instances, but, in none of these in 
which the parents were reported to have been 
unaffected beyond the age of 65, were the 
parents available for clinical examination. 

An instructive example of the difficulty in 
assuming a “negative” family history can be 
reported by mentioning a case of a male pa- 
tient, aged 44 years, with symptoms quite typi- 
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cal for Huntington’s chorea but whose family 
history, prior to our investigation, was without 
other instances of the disease. The parents 
were reported normal at the ages of 77 years 
(father) and 68 years (mother). The patient’s 
wife, family physician, and the superintendent 
of the nearby mental institution to which the 
patient was committed all stated that the 
parents and all other relatives were normal. 
When, however, the family (which lives out- 
side the State of Michigan) was visited and 
neurologic examinations were carried out, typi- 
cal Huntington’s chorea was found in 1 brother 
aged 41 and, in the father, there were definite 
although mild symptoms of the disease as 
evidenced by flexion and extension movements 
of the wrists and fingers, jerking movements of 
the shoulders, torsions of the trunk, and fleet- 
ing flexion movements of the lower extremities. 
Since the family, whose members were quite 
intelligent, did not recognize any abnormality 
in the father, his age of onset is unknown. 


DISCUSSION 


Our clinical observations and statistical data 
are in agreement in most respects with those 
of other large surveys of Huntington’s chorea. 

Huntington’s chorea is an inherited progres- 
sive degenerative disorder of the central ner- 
vous system with onset in adult life. It is 
universally accepted that a single, dominant 
autosomal gene is responsible for expression 
of the trait.** The basic clinical pattern is uni- 
form. It may be transmitted by either sex, and 
the 2 sexes are affected in equal numbers. 
The trait is transmitted directly from affected 
person to affected person with no break in 
continuity; it appears in approximately 50% 
of the offspring of those having the disease. 
No increase in central nervous system disease 
is apparent in nonaffected siblings. 

Beadle** in 1945 first proposed that each 
gene exerts its effects by way of a single 
enzyme. Further experimental support for this 
proposition was reviewed and presented by 
Horowitz and Fling.*® If derangement of a sin- 
gle enzyme is postulated as a basic cause for 
Huntington’s chorea, such an enzyme would 
necessarily be widely distributed through the 
central nervous system. 
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Klectroencephalographic findings 


and recovery from aphasia 


Ronald S. Tikofsky, Ph.D., Kenneth A. Kooi, M.D., and 
Madison H. Thomas, M.D. 


ALTHOUGH MANY AUTHORS have described ab- 
normal electroencephalographic patterns in pa- 
tients with aphasia,’-* the possible prognostic 
value of the electroencephalogram for recovery 
of speech has not been formally recognized. 
A measure to aid in estimating the ultimate 
prognosis of aphasic patients would be of 
value in planning the direction of treatment, 
estimating duration of treatment, and predict- 
ing the possibilities for economic and social re- 
habilitation of these individuals. The finding 
of Van Buskirk and Zarling® that electroen- 
cephalographic patterns are related to the 
course of rehabilitation in vascular hemiplegia 
permits speculation that progress in speech 
therapy might be similarly related. 

As part of their neurologic study, many of 
the aphasic patients undergoing speech ther- 
apy at the Veterans Administration and Salt 
Lake City General hospitals were examined 
electroencephalographically. Preliminary evalu- 
ation of the electroencephalograms of these pa- 
tients suggested that electroencephalographic 
patterns might relate to the patient’s improve- 
ment in speech. From gross clinical observa- 
tions, it appeared that the most fruitful electro- 
ence} alographic patterns to explore would be 
the Luckground frequencies and the over-all 
delta incidence of each hemisphere. 


PROCEDURE 


A total of 33 adult aphasic patients who had 
received speech therapy for periods of two 
months to two years was divided into “no 
progress” and “fair to good progress” groups. 
Progress was determined by an examination 
of the therapy records compiled by the speech 
therapists who had worked with the patients. 
Patients who demonstrated definite and consis- 
tent improvement in any of the language areas 
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PROGRESS IN SPEECH THERAPY RELATED TO ELEC- 
TROENCEPHALOGRAPHIC BASIC FREQUENCY 


No Fair to guod 
progress progr ss 

Hemisphere Hemisphere 

Dominant frequency Left Right Left Righ? 
8.5 cps and above 3 4 ll 16 
Below 8.5 cps 13 11 6 1 
Totals 16 15° 17 17 


*Pattern on right not classifiable in 1 case 


found to be impaired in the initial speech ex- 
amination were placed in the “fair to good 
progress” group. 

Patients who demonstrated either little or 
no improvement in the language areas found to 
be impaired in the initial speech examination 
were placed in the “no progress” group. Of the 
16 patients who were in the “no progress” 
group, 14 had a diagnosis of cerebrovascular 
accident and 2, posttraumatic encephalopathy; 
of the 17 in the “fair to good progress” group, 
10 had a diagnosis of cerebrosvascular acci- 
dent, 6, posttraumatic encephalopathy, and 1, 
focal encephalitis. Average age of the patients 
in the “no progress” group was 56 with a range 
of 34 to 69 years; average age of the patients 
in the “fair to good progress” group was 42 
with a range of 23 to 64. 

All of the subjects were given electroen- 
cephalographic examinations before or early 
in the course of speech therapy. The electro- 
encephalographic recordings were made on a 
Grass Model III D electroencephalograph, us- 
ing both scalp to scalp and scalp to ear combi- 
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EEG FINDINGS AND RECOVERY FROM APHASIA 


nations; 8 electrodes were placed on each side 
of the head in the frontal, lower premotor, 
anterior temporal, midtemporal, posterior tem- 
poral, central, lateral parietal, and occipital 
positions. 

The analysis of the electroencephalographic 
records was based on the frequency of cere- 
bral patterns and their relative incidence and 
location. The dominant occipital frequency for 
each hemisphere was determined from epochs 
characterized by well developed rhythmic 
activity. This was recorded to the nearest 0.5 
cps. Frequencies above 8.5 cps and below 
13 eps were considered to fall within the nor- 
mal alpha range. 

A delta incidence score for each of the 
electrodes was obtained in the following man- 
ner: a score of “3” was given for a particular 
electrode if episodic slow wave activity within 
the frequency range of 0.5 to 3 eps occurred 
more than 66% of the time; “2” if this tvpe of 
episodic activity occurred 33 to 66% of the 
time; and “1” if this activity occurred 33% of 
the time or less or if only 4- to 7-cps slow 
wave activity was present. The sum of the 
scores for all 8 electrodes for the right or left 
hemisphere was considered as the subject's 
over-all delta incidence for that hemisphere. 
Electroencephalograms and speech therapy 
records were evaluated independently. 


RESULTS 


The number of ratients with dominant pat- 
terns above and below 8.5 cps in the 2 ther- 
apy progress groups are indicated in the table. 
Patterns below 8.5 cps were usual in those 
aphasic patients who made no significant pro- 
gress during therapy. The prognosis was very 
poor in those patients with an abnormally slow 
pattern over the right hemisphere, as well as 
the left. The differences between the average 
basic frequencies over each hemisphere for the 
“no” and “fair to good” progress grouns were 
highly significant (right hemisphere, t = 4.2, 
p < 0.01; left hemisphere, t = 2.8, p < 0.01). 
Similar “t” values were obtained when only 
those patients in the 2 groups with cerebral 
vascular accidents were compared (right hemi- 
sphere, t= 4.1, p < 0.01; left hemisphere, 
t= 2.3, p < 0.05). 

The 2 groups of patients were also com- 
pared with regard to the degree of over-all 
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hemispheric delta incidence. The “t's” were 
not significant at the 0.05 level of confidence 
for either hemisphere (right hemisphere, t = 
0.41; left hemisphere, t = 1.75). 


DISCUSSION 


The results presented above suggest that the 
electroencephalogram may give information of 
predictive value relative to recovery from 
aphasia. The basic frequency appears to be an 
important prognostic index, good recovery be- 
ing the rule (12 of 13 cases) with frequencies 
within the alpha range and rare (1 of 12 
cases) with frequencies below the alpha range 
over both hemispheres. When the basic fre- 
quency was below 8.5 cps over the left hemi- 
sphere only, partial recovery was frequent (5 
of 7 cases). Lesser delta incidence and areal 
spread over the left hemisphere were also cor- 
related with good recovery from aphasia, al- 
though the relationship was not high. Thus. 
left hemisphere delta activity should receive 
only minor weight as an indication of poor 
prognosis, occasional patients being seen who 
do well in therapy even in the face of a mod- 
erate to marked delta wave hemispheric abnor- 
mality. The higher correlation between re- 
learning speech and right hemisphere basic 
frequency is intriguing and suggests the pos- 
sibility of an as yet undefined role for the non- 
dominant hemisphere in recovery from apha- 
sia. 

Perhaps these findings also require a_re- 
evaluation of the functional or behavioral cri- 
teria of prognosis. It is essential to recognize 
that aphasia is, by definition, a symptom of 
brain damage. Up to the time of the present 
study, no measures of physiologic function of 
the brains of aphasics have been emploved as 
a prognostic device. The present findings sug- 
gest that certain characteristics of the brain 
damage, as reflected in the electroencephalo- 
gram, are important variables that partially 
determine the course of recovery. It is desir- 
able to utilize this information, in addition to 
evaluation of the “premorbid personality,” and 
other qualitative means of evaluating the pa- 
tient’s history and test results. The electroen- 
cephalographic data do not supplant other 
means of predicting the success of therapy but 
constitute an integral part of the over-all evalu- 
ation of the patient. 


156 NEUROLOGY 


SUMMARY AND CONCLUSIONS 

A sample of 33 adult aphasic subjects who 
had received speech therapy for a period 
ranging from two months to two years was 
divided into 2 groups, those who made no prog- 
ress and those who made fair to good prog- 
ress in therapy. Electroencephalographic re- 
cordings for each of the subjects were made 
before or early in the course of the subject’s 
therapy. Their recordings were analyzed in 
terms of the background frequencies for each 
hemisphere and delta distribution and _inci- 
dence over the left and right hemispheres. The 
results of the statistical analyses indicated 
relationships between the electroencephalo- 


graphic variables and recovery. Poor progress 
was usual when patients exhibited abnormally 
slow electroencephalographic patterns. A com- 
parison of the basic frequencies of the right 
hemispheres differentiated the “no progress” 
and “fair to good progress” groups better than 
those of the left hemisphere, although both 
were highly statistically significant. 

It is concluded that there is strong evidence 
to suggest that subjects with slow background 
electroencephalographic frequencies may do 
poorly in speech therapy, particularly if both 
hemispheres are involved. A left hemisphere 
delta focus, however, is not inconsistent with a 
good prognosis. 
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Dynamic measurement of rigidity, strength, 


and tremor in Parkinson patients 


before and after destruction 


of mesial globus pallidus 


David D. Webster, M.D. 


THE DIFFICULTIES in quantitating the many 
functional and organic disturbances found in 
Parkinson’s disease are well known.! Various 
machines have been devised to measure rigidi- 
ty and tremor objectively. Schaltenbrand? was 
one of the first to describe Parkinson muscles 
as acting “like gum,” that is, nonelastic and re- 
quiring longer time to adjust to a change of 
position. McKinley and Berkwitz,’ using con- 
stant acceleration, were able to detect quanti- 
tative differences in the tone of Parkinson pa- 
tients and differences in males and females. 
Smith and associates* sought to analyze tone 
through an energy concept, but their method 
was exceedingly cumbersome. Recently, Spie- 
gel and associates’ and Agate, Doshay, and 
Curtis® have described machines that auto- 
matically record torque as a function of angu- 
lar displacement of the forearm at slow con- 
stant velocities. Tremors have usually been re- 
corded at rest or in fixed positions using small 
accelerometers,® magnets,’ or strain gauges.$ 
The results of these tests, however, have not 
correlated well with surgical and medical 
therapies, especially when subjected to statisti- 
cal analysis.° Our own attempts over a period 
of vears to measure Parkinson tremor at rest 
with a 2-dimensional photo cell system con- 
vinced us that static measurements were large- 
ly dependent on the patient’s emotional feel- 
ings and that these were apt to be influenced 
from moment to moment by the most subtle 
stimuli, such as the noise of an ink writer pen. 
Our present dynamic method of testing was 
designed to minimize these extraneous factors 


by measuring rigidity and tremor in the biceps 
and triceps muscles during passive motion at 
fixed velocities. In this way, the flow of pro- 
prioceptive feedback into the central nervous 
system is somewhat stabilized at sizeable 
values and a more uniform testing environment 
results. 


METHOD 


The method currently in use at the Minne- 
apolis Veterans Administration Hospital em- 
ploys a powerful yet highly sensitive turntable 
that reciprocates in a horizontal plane through 
an are of 100° at various speeds. (Details of 
the turntable were presented at the eleventh 
Annual Conference on Electrical Techniques 
in Medicine and Biology, Minneapolis, Novem- 
ber 19 to 21, 1958.)!* The patient's forearm is 
rigidly coupled to the turntable by a split 
plaster cast. Torque about the elbow joint is 
recorded as a positive or negative rotational 
force referred to a point 12 in. from the elbow 
axis. These forces are plotted on both linear 
and logarithmic pen writers. Rigid coupling 
between the motor unit and plaster cast virtu- 
ally eliminates turntable noise in the frequency 
range of 8 cps and below. At maximum sensi- 
tivity, the system will record tremors as fine 
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Fig. 1. Turntable used for measuring rigid- 
ity, strength, and tremor. The split plaster 
cast is clamped to the reciprocating arm lo- 
cated in the upper part of the photo. The 
motor mechanism is shown below. The mo- 
bile tripod frame permits the reciprocating 
arm to be moved to within a few inches of 
the patient’s shoulder while the patient is 
seated on a dental chair (not shown). 


as 10 gm. Strength is determined by having 
the patient voluntarily resist the turntable 
motion. Torques as high as 90 foot-pounds are 
easily measured. The position of the forearm 
to the arm is recorded on a third pen. A fourth 
pen records the net work done by the turntable 
in moving the patient's forearm through each 
100° cycle of passive motion. A small analogue 
integrator accomplishes this function by sum- 
ming the product of force times distance 
throughout each cycle. The data are indicated 
as inch-pounds of work per 100° cycle. (The 
100° cycle usually extends from 70 to 170° 
and back. ) 

Figure 1 is a photograph of the turntable. 
It is essentially a tripod on wheels, which, 
after positioning adjacent to the patient, is 
locked to the floor by cams. The patient sits 
on a dental chair not shown in the photograph. 


RESULTS 


Figure 2 is a sample of the simultaneous 
data written out by the 4 pens during the test- 
ing of a Parkinson patient. The logarithmic 
scale is used only to obtain a uniform per- 
centile error on strength measurements over a 
wide range of values. The linear scale reads 
clockwise torques exerted by the patient 
against the machine as an upward deflection 
and counter clockwise torques as a downward 


deflection. A tremor of 1,500 gm. at rest is 
seen to modulate the force plot. The displace- 
ment plot shows the linear motion of the table 
versus time; 3 cycles each at speeds of 5, 10, 
20, and 30° per second are shown. The fourth 
pen prints net work at the end of each cvcle. 
The average work for each 3 cvcles is shown 
just below each of the 4 speeds. Note that this 
work is strongly positive at from 23 to 35 inch- 
pounds per cycle and does not change appreci- 
ably with increasing speeds. Values of this 
magnitude are found in most Parkinson pa- 
tients while they are awake and relaxed. Note 
also how the tremor fades away with increas- 
ing speed of passive motion. When tremor 
amplitude is plotted against the speed of pas- 
sive motion, the resulting area measures the 
tremor as a function of the proprioceptive in- 
put. 

Figure 3 illustrates a typical response of the 
right arm of an average Parkinson patient to 
what we call the “rigidity activating test.” 
During this test, the turntable reciprocates at a 
constant rate of 10° per second. At the begin- 
ning of the first of 3 consecutive cvcles, a 
flashlight is placed in the patient’s free hand 
and he is told to follow the beam of a second 
flashlight held by the operator and directed 
onto a screen. At the end of 3 cycles, the 
flashlight is turned off and the patient told to 
relax. Originally, the activating test was de- 
signed to keep patients awake, since rigidity 
was found to drop to normal values during 
sleep. There are thus 3 distinct plateaus— 
sleep, wakefulness at rest, and activation. 

Figure 4 illustrates how the above data are 
compressed into bar graphs. Bilateral tests are 
shown for 6 normal controls. Right arm values 
of rigidity appear as open bars, left arm values 
as solid bars. The left side of each bar is the 
average of 12 cycles of resting rigidity. The 
right side of each bar is the average of 6 to 9 
cycles of activated rigidity. The individuals 
were selected to show the maximum and mini- 
mum limits of strength and rigidity recorded in 
normals thus far. Data are shown for 4 men 
and 2 women. There is no response to the acti- 
vating test in this group. However, a striking 
correlation is seen between resting rigidity and 
muscle strength. This probably represents the 
basic internal frictional losses within the mus- 
cles for a cycle of movement. Normals have 
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Fig. 2. Sample of the raw testing data recorded by the 4 pen writers on an average case of Par- 
kinson’s disease during resting conditions. Calibration signals are seen at the extreme left of the 
upper 2 pen tracings. A 1,500-gm. tremor envelope is labeled while the turntable rests at the 
90° position. Turntable speeds are identified below the displacement record. The net work per 
cycle is read from the bottom record each time the turntable reverses at 170° displacement. 
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Fig. 3. Sample of the raw testing data re- 
corded during a parkinsonian activation test. 
The vertical bars indicate the duration of 
each test. Time runs from left to right. The 
read-out data of the lower pen are delayed 
1 cycle in the integrator. Note the instan- 
taneous tripling of work (from 9 to 27.4 
inch-pounds in the first test and from 9.6 
to 26.6 in the second test) each time the 
activation test is run. 
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Fig. 4. Strength versus rigidity in normal 
controls. Data are shown on 6 normals hav- 
ing a wide range of strength. It is obvious 
that resting rigidity decreases with decreas- 
ing muscle strength. 
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Fig. 5, Hysteresis work curves in Parkin- 
son’s disease. Work curve plots of force ver- 
sus position are shown for a normal control 
and 2 cases of Parkinson’s disease. Note that 
maximum forces required to move the mod- 
erately involved Parkinson arm are only 
double the normal control. However, the 
work ratio, as recorded by the integrator, 
is 10 times as great. 


a tendency ‘to push the turntable along in 
whatever direction it is turning. When this 
exceeds the frictional forces, a negative work 
is registered. This appears to be a central nerv- 
ous system reflex, since negative work is abol- 


ished by very light anesthesia. 


Figure 6 shows the medication response of 
rigidity, strength, and tremor in a moderately 
severe, left-sided Parkinson patient. Note the 
daily increase of resting and activated rigidity 
during the first week as he withdrew from his 
previous medication. Tremor is shown plotted 
on a logarithmic scale. High values are re- 
corded daily in the left arm at all 4 testing 
speeds. There is a marked bilateral paresis 
while off medication. On March 20, Cogentin 
was started, resulting in an immediate drop in 
resting rigidity, an increase in strength, but 
little change in tremor. On March 25, Benadryl 
was added. A slight improvement in tremor 
and lessening in resting rigidity can be de- 
tected. Note that the activated’ rigidity of the 
left side is fairly constant over the entire 
period of testing. The degree of reduction of 
resting rigidity during the period of medication 
compared to the premedication values is sig- 
nificant to the .001 level. 

Figure 7 is a twelve-hour graph of the pre- 
vious patient’s response to a single injection 
of intravenous hyoscine on March 17. Only the 
left arm is shown. The beginning values of 
tremor and rigidity are close to those of pre- 
ceding tests. Considerably higher values de- 
velop coincident with the pain and fear of the 
intravenous puncture. Eight minutes after in- 
travenous administration of 0.65 mg. of hyos- 
cine, the tremor has vanished and rigidity is 
normal. At this time, the patient complained 
of dizziness, blurred vision, and drowsiness. 
His strength was reduced 50%. One hour later, 
the tremor was still absent but rigidity was 
beginning to return. Twelve hours later, rigidi- 
ty and tremor were still slightly reduced. 
Strength had fully recovered. 

Figure 8 illustrates the dramatic response of 
severe postencephalitic parkinsonism to elec- 
trocoagulation of the right globus pallidus. 
Preoperative examinations twice show marked 
activation of rigidity and moderate left-sided 
tremor; 2 postoperative examinations reveal 
a marked decrease in activated rigidity and a 
moderate decrease in tremor. A transient weak- 
ness of the left side was present four days 
postoperatively but not ten days later. The 
patient was markedly improved clinically and 
was kept on the same schedule of medications 
pre- and postoperatively. Preoperative medi- 
cation probably accounts for the low values of 
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Fig. 6. Response to oral medication in mod- 
erately severe left-sided parkinsonism. Each 
bar graph represents the average of 10 or 
more rigidity readings. The left half of each 
bar is resting rigidity. The right half indi- 
cates the response to activation. The de- 
crease in resting rigidity following medica- 
tion is significant to the .001 level. 


resting rigidity and the relatively slight im- 
provement of these values with surgery. The 
statistical analysis using Fisher's “t” test is 
shown in the table. 

Figure 9 shows how a 42-vear-old Parkinson 
patient failed to respond to variations in pre- 
operative medication. Postoperative testing 
revealed mild yet highly significant reduction 
in both resting and activated rigidity bilater- 
ally. This corresponded with sufficient clinical 
improvement to permit his return to work. 
The mean values shown exclude the pre- and 
postoperative testing while he was off medica- 
tion on August 11 and 12 and October 28. 


DISCUSSION 


There is no question that tone is increased 
in Parkinson’s disease. Failure to swing the 
arms while walking is but one example. Pre- 
vious machines have evaluated increased tone 
as the amount of torque required to initiate 
motion!® or found opposing sustained move- 
ments.'! The data of Figure 5 show that the 
area of the hysteresis work curve is a more 
sensitive measure of rigidity. It is relatively 
independent of the positioning of the patient, 
since purely elastic forces are exactly canceled 
out every complete cycle and only nonelastic 
forces are recorded as work. 
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Fig. 7. Twelve-hour response to intravenous 
injection of 0.65 mg. of hyoscine (left arm 
only). Only activated rigidity is shown dur- 
ing the injection period due to the constant 
manipulation of the patient’s right arm. See 
text. 
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Fig. 8. Effect of electrocoagulation of right 
mesial globus pallidus on severe postenceph- 
alitic parkinsonism. The bar graphs have the 
same meaning as in previous figures. Note 
marked reduction in activated rigidity bi- 
laterally after operation. 


The activated rigidity that is so readily de- 
tected by integrated work is by no means a 
new discovery. Rapid and profound changes 
in rigidity have confounded all who have 
worked with Parkinson patients. Berkwitz!* 
first measured the phenomenon but failed to 
identify it with parkinsonism. Activation is 
commonly seen in the daily activities of Par- 
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LEFT SIDE RIGHT SIDE charge of a synergistic system resulting in a 
Rest Activation Rest Activation Yapid freezing and unfreezing of all muscles. 
PREOPERATIVE Kuffler and Gerard'® have identified the lock- 
%, 10.7 50.7 9.0 30.5 ing action of frog muscles to discharges 
a6 9.5 through the small motor or gamma _ fibers, 
which produced very localized electromyo- 
graphic disturbances. This may explain why 
% 6.7 10.6 4.2 13.5 10 j i i 
as some workers!” have reported electrical silence 
» 6 5 ‘ a in the presence of muscle tone. We are present- 
eummpeennen ly building equipment to explore these possi- 

%-% 4.0 40.1 3.8 27.0 bilities. 
t 1.7 10.0 1.5 3.5 The data of Figure 7 on the twelve-hour 
Sis 147 001 response to hyoscine graphically illustrates one 
of the pitfalls in attempts to evaluate responses 
Table. Statistical analysis of data in Fig- to medication. The response to short-acting 

ure 8. The nm: and nz values shown here 


were actually derived from n times 3 sets of 
raw data. 


kinson patients when, for example, they sud- 
denly freeze while in the midst of a voluntary 
act. Schwab, Chafetz, and Walker!* have 
employed this as a clinical test. Rabiner and 
Frugh'* described cases of sleepwalking Par- 
kinson patients who were temporarily free of 
rigidity. Such a state probably represents 
deactivation and would appear to correspond 
to our findings that Parkinson rigidity disap- 
pears in natural sleep and light anesthesia. 

As to the mechanism of activation, we can 
only speculate. It seems logical, however, that 
this represents an exaggerated, diffuse dis- 
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Fig. 9. Effect of electrocoagulation of left 
mesial globus pallidus on moderate posten- 
cephalitic parkinsonism. Rigidity bar graphs 
a are shown, since this patient had little 
tremor and strength testing showed no es- 
sential changes. The mean values of pre- 
and postoperative resting and activated ri- 
gidity are drawn on the graphs. 


drugs may be powerful but brief. Therefore, 
any testing program must be organized to test 
a given patient the same hour each day and 
at the same time after administration of his 
medicine. The withdrawal from medicine in 
Figure 6 demonstrates the difficulties with 
long-acting drugs reported by Agate, Doshay, 
and Curtis.* The changes may be gradual over 
a period of a week or longer. 

The method described for recording tremor 
and plotting amplitude versus testing speed 
has great merit in our opinion, but statistical 
analysis will not be practical until the tremor 
amplitude is automatically integrated over 
each testing cycle. 

Our present system of evaluating strength 
by recording only the peak of the maximum 
opposing force is not truly dynamic and shows 
rather large daily fluctuation. A much more 
valid strength test will result from utilizing 
integrated work over a restricted arc. We are 
presently determining the optimum parameters. 

Currently, the machine is being used to 
measure rigidity, strength, and tremor in the 
pre- and postoperative evaluation of stereo- 
tactic surgery in Parkinson’s disease.1* The 
operated cases shown in Figures 8 and 9 are 
a part of this study. 


SUMMARY 


An apparatus has been constructed to re- 
cord rotational torque versus arm position as 
the forearm is alternately flexed and extended 
through a 100° arc. Force and displacement 
plots are made during both active and passive 
motion. Torques are recorded on a logarithmic 
scale ranging from + 0.02 to 90 foot-pounds. 
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Thus, gross tremor and cogwheeling can be 
detected as a modulation of the force plot. 
The energy required to move the forearm 
through a 100° are is automatically calculated 
and recorded at rotational speeds ranging 
from 1.25 to 40° per second. 

Preliminary tests show: [1] energy loss per 
cycle of passive motion is fairly proportional 
to muscle rigidity; [2] rigidity is a function of 
the state of consciousness; [3] simple activat- 
ing procedures can be used to “precipitate” 
rigidity in Parkinson patients; [4] significant 
changes are produced by medication and brain 
surgery in Parkinson's disease. 
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Familial hemiplegic migraine 


Herbert E. Rosenbaum, M.D. 


FAMILIAL HEMIPLEGIC MIGRAINE has been de- 
scribed as a clinical entity for almost a cen- 
tury. The hemiplegic type differs from the 
classical migraine pattern in that the aura, 
usually visual and of short duration in the lat- 
ter type, is preceded or replaced by rather 
striking signs of neurologic deficit, including 
hemiplegia, hemisensory loss, and speech dis- 
turbances (if the dominent hemisphere is in- 
volved), as well as marked mental changes. 
However, in all of the numerous reports, from 
Liveing’s' first description in 1873 to the more 
recent comprehensive study of Whitty? in 
1953, detailed description of the underlying 
neurophysiologic basis has been conspicuous 
by its absence. Because the unpredictability 
of the time of occurrence and the relatively 
short duration of an attack make an ictal ex- 
amination uncertain, it has been difficult to 
collect sufficient case material for a planned 
study. Also, unlike conventional migraine, no 
artificially induced syndrome has been avail- 
able in the laboratory to further our knowl- 
edge of this particular malady. While the basic 
pathophysiology underlying migraine is not 
completely known, it is ordinarily assumed that 
the initial event is a vasoconstriction in one 
cerebral hemisphere, which leads to ischemia 
and hypoxia of the involved brain substance. 
This precedes the opposite phase of vasodila- 
tion, thus accounting for the prodromal and 
headache phases.* The evidences that vaso- 
dilation can produce headache are numerous 
and include such experiments as the use of 
histamine-like substances, which are known to 
produce dilation of the internal carotid sys- 
tem? and also the relief of headaches so in- 
duced by vasoconstrictors. The role of the ini- 
tial vasoconstriction is not so well established, 
although the occasional direct observation of 
retinal artery spasm during a migraine aura 
as well as the prolongation of aura symptoms 
by the use of vasoconstrictors has been seen. 
More tangible evidence implicating vasocon- 
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striction and cortical ischemia has been the 
finding of electroencephalographic changes 
during the aura, which are considered to be 
highly consistent with those produced by in- 
tentional oxygen deprivation. It is through this 
latter means that much of the true mechanism 
underlying cases of hemiplegic migraine may 
be learned. 

Since the classical work of Hans Berger® 
appeared in 1929, showing that electrical re- 
cording of brain-wave activity was possible, 
much information has been accumulated to 
relate various states of cerebral activity to par- 
ticular types of electroencephalographic pat- 
terns. While exact correlation of specific elec- 
troencephalographic patterns to brain physiol- 
ogy is not possible, experience has produced 
many meaningful observations. Among these 
are the following studies that bear on the re- 
lationship between headache, both nonspecific 
and migraine, and their electroencephalograph- 
ic patterns. That many patients prone to re- 
current headaches, for example, have abnor- 
mal electroencephalograms was shown by 
Ulett, Evans, and O’Leary* when they studied 
1,000 consecutive subjects with headache of 
presumably nonorganic origin and found the 
incidence of clearly disordered tracings to be 
9.7% in males and 20.5% in females. However, 
no indications could be established there re- 
lating severity of headache to expected inci- 
dence of electroencephalographic disorder. A 
much higher incidence of electroencephalo- 
graphic abnormality was found by Dow and 
Whitty® when they reviewed 51 cases of pa- 
tients with migraine headache. They had an 
incidence of abnormalities in over 50% of the 
patients in their series, which included gen- 
eral dysrhythmias, paroxysmal activity, and 
focal abnormalities. The fact that relatives of 
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their migrainous subjects also had a high in- 
cidence of electroencephalographic abnormal- 
ity was used by them as evidence for assum- 
ing a constitutional basis for migraine. Electro- 
encephalograms recorded during the aura or 
early in the headache or with ergotamine 
showed no transient focal abnormalities. They 
did demonstrate exaggeration of the previous 
abnormality if one were present. 

In direct contrast to this is the finding of 
Engel, Ferris, and Romano® of focal electro- 
encephalographic abnormality in 3 migraine 
patients recorded only during the period of 
visual scotomas. These records contained ir- 
regular slow waves focal to the contralateral 
occipital cortex. Strauss and Selinsky'® also 
present a significant incidence of electroen- 
cephalographic abnormality appearing in pa- 
tients with migraine recorded during a head- 
ache and suggest that these are exaggerated 
by hyperventilation. Of some interest, also, are 
observations of Engel and associates! indicat- 
ing that susceptible individuals can develop a 
typical migraine attack as a complication of 
decompression sickness. This usually develops 
within several seconds after descent and may 
be associated with transient occipital cortical 
slowing contralateral to the visual scotomas. 
This is in keeping with the observation of 
Engel, Ferris, and Romano.® 

In such studies, a specific electroencephalo- 
graphic abnormality cannot be related to mi- 
graine attacks, either in the usual or the hemi- 
plegic manifestation. An exception has been 
presented by Weil!? in a small group of head- 
ache patients in which a particular electroen- 
cephalographic abnormality, high voltage slow 
paroxysms, seemed to typify what he describes 
as “dysrhythmic migraine.” 

Over the past few years, I have had the op- 
portunity to observe 5 patients presenting as 
diagnostic problems, in whom, after extensive 
neurologic investigation, the diagnosis of fa- 
milial hemiplegic migraine was made. A fol- 
low-up study, ranging from several months to 
four years in some cases, helped to make the 
diagnosis more secure. Serial electroencepha- 
lograms made in 2 cases showed severe 


changes during the course of the illness. From . 


these, it is possible to draw tentative conclu- 
sions as to the pathophysiology. The following 
are the reports of these cases. 
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Case 1. D.F. is an 18-year-old male with a four- 
— history of periodic headaches, all rather simi- 
ar in nature and recurring at the rate of once or 
twice per year. These headaches are all charac- 
terized by a uniform type of warning, a peculiar 
numb feeling that begins first in the fingers of 
the right hand and extends up the right arm to the 
shoulder in a matter of twenty to thirty minutes. 
At the conclusion of the march of numbness, the 
patient notices both a suboccipital and a bifrontal 
headache without lateralization. The headache is 
steady and severe and appears to be in the scalp 
at first and is soon followed by a period of marked 
mental agitation and confusion. The headache may 
last from one to twenty-four hours and is fre- 

uently relieved by sleep. The mother describes 
the patient as being “out of his head” during the 
height of the headache, as well as noting that the 

atient had right-sided weakness. He frequently 
os nausea and severe vomiting late in the se- 
quence of the headache pattern. The most serious 
migraine pattern occurred in October 1953, some 
ten months after his last episode. This was char- 
acterized by his awakening one morning and not- 
ing the onset of rather severe bifrontal and pos- 
terior headache. This particular headache gradu- 
ally increased in severity and became associated 
with confusion, nausea, and vomiting. Shortly 
after onset of headache, he noted numbness and 
tingling of the right arm and hand and became 
very confused and unable to understand the mean- 
ing of questions directed toward him. Within two 
hours after onset of headache, moderate weakness 
of the right side of his body was noted and he was 
unable to completely express himself in a manner 
that could be understood. 

Physical examination at the time revealed a 
well-developed, well-nourished young male who 
was obviously acutely ill. He was disoriented, 
very dull, and lethargic and demonstrated both a 
receptive and expressive type of aphasia. The gen- 
eral physical examination was not remarkable ex- 
cept for increase in body temperature and sweat- 
ing on the right side of his body. 

Neurologic examination revealed that the pa- 
tient had marked mental confusion and a left- 
right disorientation. He exhibited a denial of his 
entire right side. Both eo were round and 
regular, but the right Pup! was 2 mm. larger than 
the left; both reacted to light and on convergence. 
A complete right homonymous hemianopsia by 
confrontation was present. A right hemiparesis, 
including the face and tongue, was found. Dee 
tendon reflexes were increased on the right side; 
there was an extensor response to right plantar 
stimulation. Sensory examination showed a total 
loss of stereognostic sense on the right side with 
a right-sided anosognosia. Pinprick and touch were 
appreciated on the right side but less than on the 
left. Coordination on the right was poor. 

The laboratory examination showed a normal 
blood count and negative serology and urinalysis. 
Spinal fluid examination done twenty-four hours 
after onset of headache revealed 5 lymphocytes 
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Fig. 1. Serial electroencephalograms of Case 1. The upper tracing shows the record approxi- 
mately four hours after onset of the attack, at the height of maces. Firm signs. Note the extreme 
slowness together with some left-sided predominance. The center tracing was taken twenty-four 
hours after onset of the attack; as the headache and signs were subsiding, a definite left posterior 
suppression is seen. The lower tracing was recorded twelve days after the attack. At that time, 
the patient had been in good health for ap 


“pamsaeed ten days. A repeat record in one month 
was identical and considered entirely normal. 
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Fig. 2. Serial electroencephalograms of Case 2, showing the high voltage slow dysrhythmia twenty- 
four hours after onset a the attack, at which time many neurologic signs were evident, as well 
as a persistence of the headache. The lower tracing shows a reversion to normalcy after one week, 
at which time the patient was in good health. 


per cubic millimeter, flat gold curve, negative 
serology, and 51 mg. of protein, with normal pres- 
sure and clear fluid. Skull x-rays were entirely 
negative. electroencephalogram done four 
hours after onset of headache showed a severely 
slow dysrhythmia with a left sided predominence 
(Fig. 1). 

His course was one of gradual improvement 
beginning approximately twenty-four hours after 
onset of headache; within forty-eight hours, the 
headache had entirely disappeared and he showed 
no signs of neurologic difficulty. 

Family history was notable in that the mother 
had periodic headaches, as did 2 of the patient’s 
siblings. None of the rest of the family has had 
headaches associated with neurologic signs. 


Case 2. R.M., an 11-year-old school girl, was 
returned home from school because of what was 
described as peculiar behavior. History obtained 
from the girl after her “attack” revealed that, 


while at school, she had experienced numbness in 
both hands, more apparent on the right. This was 
associated with a right visual field loss. About one- 
half hour after onset of numbness and visual diffi- 
culty, she noted a pulsating bifrontal headache. 


At that time, she became confused and unable to 
understand language. This was soon followed by 
weakness of the right arm and leg. 

Neurologic examination a few hours after onset 
of her complaints revealed right hemiparesis and 
partial global aphasia. The dee aie reflexes 
were increased on the right side, with bilateral 
flexor responses to plantar stimulation. The re- 
mainder of the neurologic examination was with- 
out abnormality. Laboratory results twenty-four 
hours after onset of headache showed normal 
blood counts and urinalysis and negative serolo- 
gy. Her skull x-rays were entirely negative. An 
electroencephalogram done forty-eight hours after 
onset of headache revealed a marked slow dys- 
rhythmia that was nonfocal. Her course was one 
of gradual improvement with complete disappear- 
ance of the headache in twenty-four hours; within 
forty-eight hours, her neurologic examination was 
entirely negative. 

Past history revealed that she had had a simi- 


. lar episode four months before the above described 


attack, which was similar but less severe and of 
shorter duration. Family history was revealing only 
in the fact that a maternal uncle had periodic sick 
headaches associated with nausea and vomiting. 
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Recent communication with her family physi- 
cian revealed that she has had occasional head- 
aches during the past four years but remains in 
excellent physical condition. 


Case 3. G.H., a 21-year-old laborer, had a his- 
tory of recurrent headache patterns of six to seven 
years’ duration. The headaches had been occur- 
ring at the frequency of 2 to 3 times a week to 
once every six months. His headache pattern con- 
sists of scintillating scotomas lasting for fifteen to 
twenty minutes, followed by a right-sided sensory 
march, beginning in the right hand and gradually 
progressing to the right arm and face, at which 
time he notes severe speech disturbance. This con- 
dition lasts for approximately thirty minutes, at 
which time he notes severe headache associated 
with nausea and vomiting. The headache was dif- 
fuse and would last from several hours to several 
days. 

Examination twenty-four hours after headache 
revealed entirely negative general and neurologic 
examination. His spinal fluid was clear, under nor- 
mal pressure, and without cells or chemical de- 
fects. The serology was negative. His complete 
blood counts and urinalysis were normal. An elec- 
troencephalogram performed between headache 
attacks showed no significant abnormalities. His 
skull x-rays were negative. 

Family history revealed that his father had 
headaches associated with alternating numbness 
of both arms. 


Case 4. M.C., a 17-year-old high school senior, 
had noted periodic sick headaches since age 6. 
On September 10, 1958, he noted a peculiar epi- 
sode of confusion, with marked speech disturb- 
ance and inability to express himself clearly and to 
understand things that were said to him. This 
condition lasted approximately one and one-half 
hours and was followed by a severe generalized 
pounding headache and nausea, both of which 
disappeared in two to three hours. Two weeks 
later, he noted a repetition of the previous symp- 
toms, associated with numbness and tingling of 
the right side of the body and a momentary period 
of “blindness.” This lasted several minutes and 
again was followed by a pounding headache and 
nausea. The mother had noted periodic headaches 
for many years. 

Neurologic examination between attacks was 
entirely unremarkable. Skull x-rays, electroenceph- 
alogram, and spinal fluid as well as routine lab- 
oratory examinations were all negative. 


Case 5. M.W., a 22-year-old female college 
a student, was well except for occasional 
eadaches until November 10, 1958, at which 
time she noted a gradual onset of numbness of the 
right side of her face and body associated with 
marked speech difficulty, all of which lasted ap- 
proximately one-half hour and was followed by a 
severe left sided headache that remained for sev- 
eral hours. Following this episode, she was given 
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a rather complete neurologic examination, includ- 
ing electroencephalogram, skull x-rays, and lum- 
bar puncture, al of which were reported as being 
negative. She was then well until ten days later, 
when she was awakened by a tingling sensation 
in her left face and neck, which soon spread to 
her left arm, together with a numb sensation last- 
ing fifteen minutes. No s h disturbance was 
noted; however, a right-sided headache followed 
and lasted for three to four hours. When exam- 
ined the following day, she was neurologically 
negative and an electroencephalogram obtained. 
immediately after the clinical examination showed 
no abnormalities. Her mother was said to have 
had periodic sick headaches with no neurologic 
phenomena. 


DISCUSSION 


These cases, as well as similar ones reported 
in the literature, present a diagnostic chal- 
lenge. When confronted with the sudden on- 
set of serious neurologic symptoms and rapidly 
progressing signs, one must think of many 
different pathologic states, including the differ- 
ential diagnosis among infectious processes, 
vascular disease of all tvpes, and neoplasm. In 
the above cases, as well as in the case material 
in the literature, there are several noteworthy 
facts. This particular illness usually has its 
onset in young adult life, and the majority of 
cases have occurred in persons under the age 
of 30. The sex distribution is not remarkable; 
however, a family history of migraine seems to 
occur in most instances and is helpful if pres- 
ent. These patients are entirely well up to an 
attack and recover completely; this is very 
significant. The clinical signs frequently alter- 
nate from side to side from attack to attack. 
And lastly, the clinical types seem to fall into 
2 somewhat dissimilar groups. In 1, as in Case 
1, the sequence of events is strikingly similar 
to classical migraines, having an aura followed 
by headache, except that the usual visual phe- 
nomena ordinarily constituting the aura are 
replaced or become associated with other 
neurologic signs. As the headache appears, 
the neurologic signs wane and disappear. In 
the second type, the headache may precede 
the “aura” and the neurologic signs are usually 
prolonged, lasting for several hours or days. 
In consideration of the possible causes of 
sudden hemiplegia in a voung person, vascular 
malformations, such as aneurysms and arterio- 
venous anomalies, have a high incidence. 
While these must be thought of, the absence 
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of any evidence of bleeding and the relatively 
rapid return to well-being is certainly against 
these diseases as causing the episodes in our 
series. Angioma and other tumors do occasion- 
ally produce intermittent and recurrent symp- 
toms, but, here again, the fact that these pa- 
tients resume normal health and have been 
followed for a significant period of time there- 
after is much against this possible etiology. 
No sign of infection was present in any of the 
patients, either by clinical examination or 
laboratory results of blood, urine, or spinal 
fluid studies. 

If we can logically rule out all of the so- 
called “structural” causes for this clinical pic- 
ture, then the various “functional” forms of 
disease must be considered. Because of the 
severity of the svmptoms in hemiplegic mi- 
graine, it must be assumed that there is a 
marked disturbance in the underlying cortical 
activity. In attempts to elucidate the basis for 
this disturbance, 3 major tvpes of physiologic 
changes have been considered. The paroxysmal 
nature, often with explosive onset, is somewhat 
analogous to the epilepsies. The incidence of 
migraine in patients with convulsive disorders 
is somewhat higher than in the population as a 
whole, but the association is not striking. It 
should be noted that none of the patients re- 
ported had any history of seizures and all had 
“normal” electroencephalograms between head- 
aches. A second possible mode of producing 
severe temporary cerebral dvsfunction is ar- 
terial spasm as it relates to the current con- 
cept of the pathogenesis of the ordinary mi- 
graine syndrome. In respect to this, it is of 
interest to note that Darrow and Graf! in- 
duced abnormal high voltage electroencepha- 
lographic activity in cats by producing cerebral 
vasoconstriction. These brain-wave patterns 
were not unlike those seen in Cases 1 and 2 
early in the attack. What initiates the spasm is 
totally unknown. However, if it is assumed 
that spasm alone is responsible for the neuro- 
logic deficit, it seems unlikely that an ischemic 
process could last for a matter of hours with- 
out leaving in its wake some permanent resi- 
dual. A more tenable theory seems to be that 
the spasm trips off a mechanism whereby cere- 
bral edema occurs. This may well be analogous 
to “angioneurotic edema of the brain,” sug- 
gested first by Osler.1* The findings of appar- 
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ent focal suppression over the involved hemi- 
sphere toward the end of the attack, as seen in 
the second electroencephalogram of Case 1, 
may well be a reflection of localized edema. 
Whether oligodendrogliocytes are capable of 
reacting to spasm in this fashion or whether 
it is an allergic response as proposed by Ken- 
nedy'®16 is yet to be proved. Certainly, the 
concept of a reversible focal edema of the 
brain giving rise to prolonged signs and symp- 
toms that clear completely is more logical and 
compatible with the electroencephalographic 
findings than is simple ischemia secondary to 
vasospasm. Another possible mechanism was 
mentioned by Milner,'* who drew an analogy 
between the scotomas of migrane and the 
spreading depression of Leao.'* While this 
could explain the simple patterns of hemiplegic 
migraine, as in those cases that seem closely 
related to the ordinary migraine syndrome, it 
seems unlikely that any process developing 
rapidly could in itself explain the more pro- 
longed effects seen in 4 of our cases. 

Based on the material presented, especially 
serial electroencephalographic changes, a pos- 
sible mechanism underlying some cases of 
familial hemiplegic migraine is proposed. First 
of all, a genetic susceptibility to periodic cere- 
brovascular spasm. Secondly, as a response to 
this, the brain reacts by focal edema forma- 
tion, which may persist for an indeterminate 
length of time and then resolve completely. 
What determines the initiation of the vaso- 
spasm and the subsequent edema still remains 
a mystery. 


SUMMARY 


A total of 5 cases of familial hemiplegic mi- 
graine are reported, which present 2 distinct 
tvpes of clinical pictures. The first is very simi- 
lar to the ordinary migraine syndrome except 
that the more common visual aura is replaced 
by more serious signs of neurologic deficit, 
such as hemiplegia, hemisensory loss, and 
aphasia. The course otherwise is identical. The 
second type differs in that the headache may 
precede the aura and the neurologic signs are 
usually prolonged, lasting several hours or 


-days. Serial electroencephalograms taken dur- 


ing the course of this disease lend support to 
the view that there is an initial vasoconstric- 
tion followed by focal edema of the brain and 
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that this persists for a prolonged period. The 
disappearance of the edema would then be 
correlated with disappearance of serious neuro- 
logic signs and account for the absence of any 
permanent residual. 


The author wishes to express his sincere appreciation to 
Dr. James L. O’Leary for his support and ideas during the 
course of this study. 
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Permeability of cerebral blood vessels 


in experimental allergic encephalomyelitis 
studied by radioactive iodinated 


bovine albumin 


M. Vulpe, M.D., A. Hawkins, M.A., and B. Rozdilsky, M.D., M.Sc. 


THE PURPOSE of these experiments was to 
study vascular permeability in the nervous 
system during the development of experi- 
mental allergic encephalomyelitis (EAE) and 
the temporal and spatial relationship of any 
changes in permeability to the histologic le- 
sions of this disease. This information might be 
expected to shed light upon one aspect of the 
pathogenesis of this disease, namely the site 
of the primary lesion, which at present is not 
known. Should it be in the wall of the vessels, 
the vascular permeability might be increased 
before other signs of inflammation can be seen; 
should it be in the surrounding parenchyma, 
the increase in permeability could appear 
simultaneously with—or perhaps slightly later 
than—the inflammatory reaction around the 
vessel wall. 

Barlow? has investigated cerebral vascular 
permeability in EAE, using trypan blue, and 
found increased permeability in regions with 
perivascular infiltration but not in those with 
perivascular cuffing. We have studied the 
permeability with iodinated radioactive bo- 
vine albumin, employing an autoradiographic 
method for its detection. This method gives a 
more precise localization than trypan blue and 
a greater intensity of staining. In addition, we 
can expect that study of the changes of pro- 
tein permeability may be more relevant to the 
problem of pathogenesis of EAE, which is con- 
sidered to be a manifestation of a hypersensi- 
tive reaction. 


MATERIAL AND METHOD 


Male and female guinea pigs of mixed breed, 
weighing 500 to 1,000 gm., were used for these 


experiments. To produce the EAE, an emul- 
sion of equal parts of a brain suspension and 
adjuvant was injected intracutaneously into the 
anterior cervical region or abdominal wall. This 
suspension contained 10% fresh sterile human 
white matter in distilled water with 0.5% phe- 
nol. The adjuvant was a 4:1 mixture of Bayol 
and Falba, containing in each cubic centi- 
meter 15 mg. of dried and heat-killed BCG; 
5 spots were injected, each with 0.1 cc. of 
the emulsion. Thus, each animal received 20 
mg. of fresh brain and 3.75 mg. of dried 
tubercle bacilli. From previous experiments, 
we knew that this emulsion would produce the 
histologic lesions of EAE in 98 to 100% of the 
guinea pigs. Starting from the sixth day after 
the injection, the animals were inspected twice 
daily for clinical signs of the disease. Paralysis 
of 1 limb or the inability of the animal to main- 
tain equilibrium was accepted as diagnostic 
for the disease. 

The permeability of the cerebral blood ves- 
sels was studied with radioactive iodinated 
bovine albumin. The technic used was a 
modification of that previously described.’ It 
consists of 3 main steps: [1] the injection of 
iodinated albumin; [2] the washing out of 
blood from the cerebral blood vessels with 
dextran followed by saline; and [3] the prepa- 
ration of autoradiographs. 


From the Laboratory of Experimental Neuropathology, De- 
partment of Pathology, University of Saskatchewan College 


. of Medicine, Saskatoon. 


This study was supported by a grant from the Multiple 
Sclerosis Society of Canada. 


Mr. Hawkins was supported in this work by a summer stu- 
dentship from the Multiple Sclerosis Society of Canada. 


171 


— 


172 


1] Under light ether anesthesia, the skin of 
the anterior cervical region was opened with a 
slit above 1 of the jugular veins. Using a 5-cc. 
Luer-Lok syringe, provided with a 27-gauge 
needle, 2 to 3 cc. of a 2% solution of iodinated 
bovine albumin was injected into the jugular 
veins. The amount of albumin injected was 
calculated to correspond with 330 yc. in 
groups 1, 2, and 3 and 250 yc. in groups 4 
and 5. The slit was closed with a few stitches 
and the animal laid in a cage with food and 
water. This procedure is a very minor opera- 
tion. The total time of anesthesia never ex- 
ceeded five to eight minutes, and none of the 
animals showed any untoward reaction. 

2] Six hours after injection, the guinea pigs 
were anesthetized with ether. The abdomen 
was opened and the inferior vena cava or the 
portal vein cannulated with an 18-gauge, 1%- 
in. long needle connected to an infusion set. 
The bottle containing 5% dextran was placed 
80 cm. above the animal. The jugular veins 
were now exposed, clamped, and cut distally 
(on the head side) from the clamp. At the 
same time, the infusion was started. By regu- 
lating the bleeding through the jugular vein 
and the flow of the infusion, care was taken 
to avoid sudden loss of circulating volume. 
Thereby. the animals were maintained in life 
for as long as twenty minutes after the opening 
of the jugular veins. At the end of such a sub- 
stitution transfusion, the failing heart was 
pumping nearly pure dextran solution slightly 
tinged by blood. When the heart beat became 
imperceptible, the chest was opened. The de- 
scending aorta and vena cava were clamped. 
The perfusion needle was removed from the 
vein and thrust into the left ventricle of the 
heart, saline was gravitated, and the brain was 
perfused. For each animal, 30 to 50 cc. saline 
was used. At the end of this procedure, the 
saline pouring from the jugular vein was color- 
less. The saline in the perfusion system was 
followed by 10% formalin in saline or 10% 
formalin with 30% ethanol in distilled water, 
thus fixing the brain in situ. Following fixa- 
tion, the brain was removed from the skull and 
placed for twelve hours in 10% formalin. Then 
the brain was cut into sections 3 mm. thick and 
examined grossly. 

3] Sections for autoradiograph were pre- 
pared from these slices. Frozen sections 25 or 
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50 » thick were cut, mounted immediately on 
microscopic slides, and dried in air. In the 
darkroom, the sections were covered with 
strips of Kodak No-Screen x-ray films or with 
Kodak No-Screen autoradiographic plates. The 
film and slides were fastened tightly together 
with rubber bands and several turns of black 
paper. Attention was paid to avoiding the slid- 
ing of the film on the section. The time be- 
tween the death of the animals and beginning 
of the exposure (apposition of film and sec- 
tion) never exceeded sixteen hours. The ex- 
posure time was exactly seventy-two hours. 
After this time, the films were developed for 
five minutes in Microdol 1:20, washed in tap 
water, fixed in Kodak acid fixer, washed again 
in tap water, and dried in air. 

After the exposure of the autoradiographs, 
the histologic sections were stained with cresy] 
violet; 9 or more sections and autoradiographs 
were prepared from the brain of each animal. 


RESULTS 


We investigated the localization of the la- 
beled bovine albumin in the brain of normal 
guinea pigs and in the brains of guinea pigs 
in different stages of the development of EAE. 
We performed the experiments using a total of 
107 animals divided into 5 groups. 

Group 1. The outlined procedures were 
done on 5 normal guinea pigs (60, 61, 62, 63, 
and 392), with the exception that they were 
not injected with brain emulsion, and thus 
they served as controls. When the brain was 
unperfused at all, the autoradiograph revealed 
focal points of intense radioactivity correspond- 
ing to the vessels in the section (animal 392, 
Fig. 1). Intervening tissue was only slightly 
radioactive, particularly in the gray matter. 
This was probably due to a small amount of 
radioactive blood in the capillary network. 
When the brain was perfused with saline with- 
out previous hemodilution, the autoradiograph 
revealed that moderate radioactivity still re- 
mained in some of the blood vessels, presum- 
ably due to traces of radioactive blood not 
washed out by saline (animal 63, Fig. 2). But 
when the perfusion with saline followed hemo- 
dilution with dextran, the blood vessels did 
not contain any appreciable amount of radio- 
activity, with the exception of the choroid 
plexus and hypothalamus, which were slightly 
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radioactive. The actual autoradiograph shows 
a hardly perceptible darkening over the whole 
section, but it was not possible to show this in 
a print (animal 61, Fig. 3). 

In some of the animals subjected to ex- 
change perfusion, the meninges and walls of 
the ventricles contained traces of radioactivity. 
However, there were never any patchy areas of 
radioactivity in the nervous tissue or around 
the blood vessels. 

Group 2. Brain and adjuvant were injected 
into 14 guinea pigs; 3 animals (87, 88, and 
89) were sacrificed four days after this in- 
jection and another 3 (90, 91, and 92) at 
eight days. The autoradiographs of these 
animals did not differ from those of the normal 
ones, and no lesions were seen in the sections 
of the central nervous system. 

The remaining 8 animals developed clinical 
signs of EAE eleven to seventeen days after 
the injection. Of these animals, 4 (96, 97, 98, 
and 99) were injected with radioactive albu- 
min on the day they became paralyzed (four- 
teen, fifteen, fifteen, and seventeen days after 
injection), and autoradiographs of their brains 
were prepared. Only histologic sections were 
made from the brains of the 4 remaining ani- 
mals. All 8 animals had lesions characteristic 
of EAE in their central nervous systems, con- 
sisting of meningeal and perivascular inflam- 
matory reaction. The autoradiographs will be 
discussed below. 

Group 3. Brain and adjuvant were injected 
into 8 guinea pigs. On the day 3 animals of 
this group (145, 146, and 147) became para- 
lyzed, the other 5 nonparalyzed animals, (130, 
131, 132, 133, and 134) also were sacrificed 
and autoradiographs were prepared of their 
brains. This was done to obtain information 
about the autoradiographic changes in the 
brains of animals that had lesions and yet did 
not develop paralysis. The autoradiographs 
will be discussed below. 

Groups 4 and 5. Brain emulsion was injected 
into 2 groups of 40 animals each to reaffirm 
the preceding findings and to find out what 
changes occurred in the cerebral permeability 
of chronic animals. Of these animals, 6 (352, 
376, 377, 378, 389, and 390) were injected 
with radioactive albumin on the day they be- 
came paralyzed. Another 15 were injected 
with radioactive albumin at intervals ranging 
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Fig. 1. Autoradiograph of a section of a 
brain of a guinea pig that had been injected 
with I-labeled albumin but not subsequent- 
ly perfused. (Animal 392) 


Fig. 2. Autoradiograph similar to that in 
Figure 1, but with saline perfusion 


Fig. 3. Autoradiograph similar to that in 
Figure 1, after hemodilution with dextran 
solution foilowed by saline perfusion. (Ani- 
mal 61) 


from one to twenty-four days after onset of 
paralysis (see table). 

The results of these experiments may con- 
veniently be discussed together. The autoradio- 
graphs of the brains of animals in the acute 
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number paralysi b 
369, 382, 383 8 365 
358 10 366 

360 12 351, 359 
350, 364 16 371 
370 24 367 
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stage of EAE grossly differed from those of 
normal animals and were characterized by 
diffuse and focal radioactivity (animal 98, Fig. 
4B). A diffuse background activity produced 
uniform and slight darkening over the whole 
section. More intense darkening was present 
in the cortex. It was more pronounced under 
the pia and decreased toward the deeper lay- 
ers. When numerous blood vessels over a large 
area were severely involved, the darkening ex- 
tended from the cortex to the ventricle. In 
regions of gray or white matter containing 


Fig. 4. [A] Nissl stained section of the 
brain of an animal in the acute stage of 
EAE. (Animal 98). [B] Autoradiograph 
corresponding to A. (From Marian W. Kies 
and Ellsworth C. Alvord, Allergic Encephalo- 
myelitis, 1959, courtesy of Charles C Thomas, 
Springfield, Ill.) 
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many inflamed blood vessels, a diffuse moder- 
ate darkening was present in addition to 
patches of intense radioactivity which corre- 
sponded to the vascular lesions. The meninges, 
the choroid plexus, and the hypothalamus 
showed intense diffuse radioactivity in all ani- 
mals with EAE, irrespective of the absence or 
presence of inflammation in these regions. 

The focal accumulation of radioactivity cor- 
responded to the blood vessels with inflamma- 
tory reaction, but no correlation was observed 
between the intensity of inflammation and the 
autoradiographic picture. Almost all blood 
vessels showing any inflammatory reaction cor- 
responded to a small dark spot revealing high 
concentration of I131, Darkened areas around 
neighboring blood vessels often merged to- 
gether. In other instances, single blood vessels 
corresponded to larger areas of moderately in- 
creased radioactivity. 

However, many of the autoradiographs from 


Fig. 5. [A] Section of the brain of a guinea 

ig in the acute stage of EAE. (Animal 97). 
fe} Autoradiograph of section in A. Note 
that there is no darkening of the area corre- 
sponding to the inflamed vessels. (From 
Marian W. Kies and Ellsworth C. Alvord, 
— Encephalomyelitis, 1959, courtesy of 


Charles C Thomas, Springfield, Ill.) 
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acute animals also showed blood vessels with 
marked inflammation not surrounded by radio- 
activity (animal 97, Fig. 5B). Furthermore, 
many blood vessels corresponded to a definite 
spot of heavily concentrated I'3! but showed 
no pathologic changes in either their walls or 
the surrounding parenchyma (animal 146, Fig. 
6B). Particular attention was paid to the con- 
tent of such blood vessels, but their lumina 
were always found free of blood cells, precipi- 
tated protein, and thrombi. In animals 98, 99, 
and 147, only 1 or 2 cerebral vessels showed 
this change. However, it was common in ani- 
mals 145 and 146. In animal 145, the uniform 
darkening of the whole autoradiograph was 
especially prominent, particularly the portion 
corresponding to the cortex. Superimposed 
upon this, most of the arterioles and/or venules 
(but not capillaries) gave a focal darkening of 
the autoradiograph as well, although they 
showed no inflammation microscopically. 

In general, the vessels showing increased 
permeability without signs of inflammation 
were located in the basal ganglia, but occasion- 
al examples could also be found in the cortex 
and brain stem. Only arterioles or venules 
appeared to show this change. However, once 
the inflammation had progressed to the stage 
of perivascular cuffing, the type of blood ves- 
sel affected could no longer be ascertained with 
confidence. Despite the increase in permeabil- 
ity, edema was not observed. 

In addition, in certain places, the tissue 
along the ependymal nests between the hip- 
pocampus and the white matter of the con- 
vexity of the hemisphere was intensely radio- 
active without showing inflammatory changes 
(Fig. 6A and B). 

In all animals examined later than the first 
day after onset of paralysis, inflammatory 
changes were widespread. However, the in- 
crease in permeability was very much re- 
duced, so that the autoradiographs (animal 
382, Fig. 7A and B) closely resembled those 
of properly perfused control animals, with the 
exception of a very slight darkening roughly 
corresponding to the areas of most intense cell- 
ular reaction. 


DISCUSSION 


In the following interpretation of our re- 
sults, we assume that the radioactive iodine re- 


Fig. 6. [A] Section of the brain of a guinea 
ig in the acute un of EAE. (Animal 146). 
B] Autoradiograph of section in A. Note 

that some vessels without obvious inflamma- 

tory change show a marked accumulation of 
radioactivity. (From Marian W. Kies and 

Ellsworth C. Alvord, Allergic Encephalomye- 

litis, 1959, courtesy of Charles C Thomas, 

Springfield, Ill.) 


Fig. 7. [A] Section of the brain of a guinea 
pig in a chronic <— of EAE, made the day 
after onset of paralysis. (Animal 382). [B] 
Autoradiograph corresponding to section in A 
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mained attached to the albumin from the time 
of injection until the preparation of autoradio- 
graphs. This seems to be permissible, since 
the iodine-protein link is known to be very 
stable. 

These conclusions can be drawn from our 
findings: 

1] The inflammatory process of EAE is ac- 
companied by an intense increase of vascular 
permeability to protein molecules. This was 
evident by radioactivity in all regions that con- 
tained numerous blood vessels surrounded by 
inflammatory cells. The radioactivity of the 
superficial cortical and subependymal layers 
and the slight diffuse radioactivity of the whole 
section can be explained by a likely assumption 
that some radioactive ablumin leaked into the 
cerebrospinal fluid. It is known that the brain 
substance becomes intensely radioactive if 
iodinated bovine albumin is injected into the 
subarachnoid space.* In the subependymal 
layer, intense radioactivity was observed in the 
regions in which the lateral ventricle formed 
narrow slits lateral to the hippocampus. Pos- 
sibly, the circulation of the cerebrospinal fluid 
is slower in these regions, so that penetration 
of cerebrospinal fluid into brain tissue is more 
likely to occur. It could also be suggested that, 
in these regions, the nervous parenchyma itself 
has slightly different physicochemical proper- 
ties that favor penetration of the protein into 
it. In this connection, it is noteworthy that 
the plaques of multiple sclerosis are most often 
found in regions that may be considered ho- 
mologous to those in which the radioactivity 
in the subependymal tissue was particularly in- 
tense. 

2] In many instances, we have seen that the 
blood vessels that corresponded to discrete 
spots of radioactivity did not show any peri- 
vascular accumulation of inflammatory cells or 
alterations in their walls nor were there any 
parenchymal changes around them. Since no 
blood was present in these vessels, we must 
assume that the radioactivity was originating 
from material either in the blood vessel wall 
itself or outside the vessel in the parenchyma, 
but we could not answer this latter question 
on our material due to poor resolution of auto- 
radiographs on x-ray films. We feel that there 
could be 2 possible interpretations of these 
findings. First, we can think that these sites 


NEUROLOGY 


would have progressed to the typical inflamma- 
tory lesions of EAE had the animals been al- 
lowed to live. If this assumption is valid, these 
findings would indicate the presence of a vas- 
cular lesion before the appearance of cellular 
exudate or microglial perivascular reaction. 
Thus, they would support the concept that the 
lesions of the vessel wall may be one of the 
earliest phenomena in a chain of events lead- 
ing finally to the full-blown pathologic picture 
of EAE. Second, it is possible that radioactiv- 
ity at the site of blood vessels without inflam- 
matory changes is caused by the spread of 
radioactive cerebrospinal fluid from the suba- 
rachnoid space along the perivascular spaces 
into the depth of the tissue. That such spread 
actually occurs has been shown by Lee and 
Olszewski,* who injected iodinated radioactive 
albumin into the subarachnoid space of normal 
rabbits and observed radioactivity not only 
along the superficial subpial vessels but also 
in association with deep vessels of the basal 
ganglia. It is perhaps significant that we have 
never observed blood vessels associated with 
radioactivity but without inflammation unless 
there was, simultaneously, an intense inflam- 
matory reaction in other parts of the brain, as 
could be expected if the first explanation were 
correct. 

3] The permeability changes associated with 
an acute phase of EAE lasted only a compara- 
tively short time, since the radioactivity was 
much diminished the day after onset of paraly- 
sis and was absent at any later stages. This ob- 
servation can explain the occurrence in the 
brains of acute animals of vessels that showed 
the typical inflammatory lesions of EAE but no 
permeability changes. These vessels may have 
passed the acute stage of inflammation at a 
time when the animal did not show clinical 
signs of disease. 

We may mention in this connection an ob- 
servation made by Lee and Olszewski*t on 
the permeability of cerebral blood vessels in 
“spontaneous encephalitis of rabbits.” Neither 
granulomatous nor perivascular inflammatory 
reactions were accompanied by an increased 
permeability to iodinated albumin. Thus, an 
inflammatory reaction is not necessarily as- 
sociated with detectable permeability changes. 
This finding seems to be of considerable sig- 
nificance, since it indicates that lesions which 
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are comparable histologically may be associ- 
ated with quite different submicroscopic alter- 
ations and correspondingly different functional 
changes. 


SUMMARY 


1. Permeability of the cerebral blood vessels 
in experimental allergic encephalomyelitis was 
studied. 

2. Iodinated radioactive bovine albumin and 
the autoradiographic method were used to as- 
sess the changes of permeability. 

3. Under normal conditions, the cerebral 
blood vessels are impermeable to the mole- 
cules of the albumin with the exception of the 
choroid plexus and the hypothalamus. Other 
regions, such as area postrema, were not 
studied. 

4. In the initial stage of experimental aller- 
gic encephalomyelitis, the inflamed blood ves- 
sels become permeable to albumin. 

5. In chronic animals, blood vessels with 
signs of inflammatory changes do not show in- 
creased permeability. 
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6. In acute animals, certain blood vessels 
with signs of inflammatory changes may not 
show increased permeability. 

7. In many instances in acute animals, in- 
creased permeability was observed around 
blood vessels without any signs of inflamma- 
tion. 

8. These last findings were interpreted to 
indicate that either [1] the primary lesion of 
the vessel wall may be one of the earliest 
phenomena leading to the full picture of EAE 
or [2] radioactive cerebrospinal fluid alone can 
penetrate the normal blood vessels deep into 
the brain tissue. 


REFERENCES 


1. Rozpmsxy, B., and Oxszewsx1, J.: Permeability of 
cerebral blood vessels studied by radioactive iodinated 
bovine albumin. Neurology 7:270, 1957. 

2. Bartow, C. F.: A study of abnormal blood-brain per- 
meability in experimental allergic encephalomyelitis. 

J. Neuropath. & Exper. Neurol. 15:196, 1956. 
. Lee, J. C., and Orszewsx1, J.: Unpublished data. 
. Leg, J. C., and Oxszewsxt, J.: Unpublished data. 


— 
| 
| 


Effects of radio-frequency energy 


on primate cerebral activity 


Maitland Baldwin, M.D., Sven A. Bach, M.D., 
and Shirley A. Lewis, R.N. 


For EIGHTY-FIVE YEARS,’ the primate brain 
has been extensively studied by means of elec- 
trical stimulation. In the laboratory, the var- 
ious methods of electrical exploration have 
evoked responses related to the mechanisms 
of movement,” sensation,* and autonomic func- 
tion. Similar methods applied to the human 
brain for diagnostic purposes have evoked 
changes in speech, perception, and memory, 
as well as the somewhat less complex effects 
observed in laboratory primates. Actually, the 
technics of electrical exploration have yielded 
a rich harvest of data on function. Certainly, 
as Walshe® says of surface stimulation, “There 
are no signs that this topographical exercise 
evokes less enthusiasm now than at any time 
in this long period.” Furthermore, the older 
methods of surface stimulation have been sup- 
plemented by the more recent developments of 
implantation devices that permit exploration 
of deep-lying nuclei, such as basal ganglia 
and reticular systems. While these newer 
methods give access to different parts of the 
primate brain, they do not provide for a great 
variety in the electrical energies that can be 
applied. Indeed, as in the past, contemporary 
technics of electrical exploration employ only 
a relatively small fraction of the large electro- 
magnetic spectrum. 

Theoretically, electrical energy in the ultra- 
high frequency and microwave ranges could 
be used to stimulate the nervous system. Actu- 
ally, the biologic effects of these frequencies, 
which include the radio and radar zones, have 
been extensively investigated. D’Arsonval’ pio- 
neered in such experiments, and his research 
led to the development of diathermy. In keep- 
ing with this early development, most subse- 
quent investigations end with the conclusion 
that radio frequencies simply heat living tis- 
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sues, including those of the nervous system. 
According to these reports, such energy causes 
a thermal effect. Hartman’ says, “It is general- 
ly agreed that these effects are due largely to 
local or general hyperthermia in tissues.” Bov- 
sen’s® findings are consistent with this thesis. 
Using a frequency of 358 mc., he exposed the 
“whole bodies” of rabbits. Many animals died, 
and, subsequently, degenerative changes were 
noted in cortex, basal ganglia, pons, and me- 
dulla. As in Boysen’s work, most investigations 
have been concerned with whole body ex- 
posure of small fur-bearing animals. In a clini- 
cal study, Barron and Baroff!® reported that 
frequencies from 400 to 900 mc. had little ef- 
fect on human beings whose whole bodies were 
exposed to the radiation. Similarly, Sinisi!! 
noted that human beings fully exposed to high 
frequency radar did not show electroencepha- 
lographic changes. Indeed, most previous lab- 
oratory investigations conclude that energy in 
the radio and radar ranges causes heating, 
while relevant clinical studies indicate that it 
has little or no effect on human beings. Yet, for 
the most part, these reports do not describe 
effects of frequencies in the range between 1 
and 400 mce., nor is there any description of 
exposure of the head designed for cerebral 
stimulation. 

The effects described here were observed 
during exposure of the monkey’s head to 388 
me. 


MATERIALS AND METHODS 


The essential materials of this investigation 
consisted of [1] 21 young Macaca monkeys in 


From the Branch of Surgical Neurology, National Institute 
of Neurological Diseases and Blindness, National Institutes 
of Health, Bethesda, Md. 

Presented in part at the meeting of the American Psychiat- 
ric Association on April 28, 1959. 


EFFECTS OF RADIO-FREQUENCY ENERGY 


good health; [2] 2 primate chairs; [3] 2 copper 
mesh cylinders (resonant cavities); [4] 2 
quarter-wave-length probes, 1 located concen- 
trically in each of the cavities; and [5] a stan- 
dard ground-to-air radio transmitter (Collins 
T17A GR), which is a 100-watt communicator 
operating in the range of 225 to 399.9 me. per 
second. This was made available through the 
kindness of the Naval Research Laboratory. 
It has since been replaced by a Stewart-War- 
ner T 282D/GR loaned through the generosity 
of the Rome Air Force Base. 

These materials were arranged so that each 
monkey sat in a primate chair with a resonant 
cavity (copper mesh cylinder) over its head. 
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The top platform of the chair was carefully 
screened with a rectangle of copper mesh, 
which was soldered to the lower edges of the 
evlinder. Each animal's neck was insulated in 
order to prevent burns and yet permit move- 
ment within a hole in the copper rectangle. 
The hole was small enough so as to prevent 
significant escape of energy at this frequency. 
Thus, the head protruded within the copper 
cylinder, which extended 80 cm. upwards and 
30 cm. outwards from its position. Its loca- 
tion was central in the base of the cylinder, 
formed by part of the rectangle, while the 
quarter-wave-length probe was centrally lo- 
cated in the roof of the cylinder. In this ar- 


Fig. 1. The basic experimental assembly. This consists of 2 primate chairs, each of which is 
superimposed by a copper mesh resonant cavity. A quarter-wave antenna can be seen at the top 


of the cavity, close to where it connects with the cable that passes between the cavity and the 
transmitter. 
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rangement, the wave from the transmitter 
passed from the probe through the air in the 
cylinder to the animal’s head, which could 
absorb the radiation like another antenna. 
Yet there was no direct connection between 
any current-carrying device and the animal. 
Actually, the monkey’s head was positioned 
in 1 of 2 ways. At first, it was relatively high 
in the cavity. In this high position, the animal 
had complete freedom of head and neck move- 
ment. Then, the ring of insulation described 
above was at the base of the neck. In the 
second position, the occiput rested against the 
posterior lip of the cervical collar and the in- 
sulating ring came close to the mandible in 
front. In this low postion, the neck was ex- 
tended and lateral movement of the head on 
the neck was restricted. Then, a line drawn 
between the external auditory meatus and 
lateral aspect of the orbit intersected the hori- 
zontal at an angle of approximately 45°. 
Each animal was exposed to continuous 
waves from the transmitter. The average dur- 
ation of exposure was between two and ten 
minutes. During exposure, animals were photo- 
graphed by means of the color television tech- 
nic of Brown and associates.!* Ordinary photo- 
graphs were made as well. Electroencephalo- 
grams were recorded before, during, and after 
exposures. These tracings were made with an 
8-channel Grass electroencephalograph con- 
nected to 8 electrodes, which were arranged in 
frontal, temporal, parietal, and occipital posi- 


tions. The electrodes were made from 20- 
gauge hypodermic needles. Once modified and 
connected, the needle was driven in the outer 
table of the skull. Some records of respiration, 
blood pressure, pulse rate, and rectal temper- 
ature were also made. The animals did not 
receive any medication before, during, or after 
exposure. Before exposure, they appeared 
alert, active, and apparently normal in all re- 
spects. 

A simple calorimeter system was used to 
record temperature changes. This calorimeter 
was a plastic vessel containing water. fhe total 
volume of the vessel and contents approxi- 
mately equaled the average head volume of 
these monkeys. This was obtained by water 
displacement. During exposures of ten to 
thirty minutes at 100 watts, the usual power 
level used, the temperature changes at the 
2 head positions were equal and trivial. 

Figure 1 portrays the general assembly as 
described. In some of the experiments, ob- 
servations were made with the monkeys in 
identical cylinders and chairs. Each cylinder 
was connected to the transmitter through an 
equivocal loop. Thus, only the person at the 
transmitter could tell which animal was re- 
ceiving the radiation during any one exposure. 
This arrangement served to eliminate some 
bias in the observers. 


OBSERVATIONS 


The following protocols are _ illustrative: 


M- (Parnicta ) High head position 
Exposure period 
Date Time (minutes) Remarks 
23 Jan. 1245 15 Alternating agitation and drowsiness, plucked at neck, looked up 
at antenna. Resp. 28/min. Greatly “agitated” at first, more 
1315 15 drowsy periods, body tense, with left shoulder and arm forward 
grasping edge of chair, scratching. 
1345 15 Body posture the same, drowsy, moves eyes and ears but not head 
or body on hearing noise. Vocalized at 11 min. 
1415 15 Alternating drowsy and agitated. 
1445 15 Same within 2 min. Recovery in 60 sec. after OFF. 
1515 15 Same, recovery 4 min. 
1545 15 Rigid with frequent limb and head movements. 
1615 15 Drowsy, body in same attitude throughout. 4 min. to recovery 
after OFF. 
1641 15 Drowsy and still first 7 to 8 min. Began to move about then. 


This animal was exposed for a total period of ten hours, seven minutes, thirty seconds 
in three days. No abnormalities were observed after these exposures. 
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M-S-216 (Trmortay ) Low head position 

Exposure period 
Date Time (minutes) Remarks 
ll Feb. 1550 10 


Lids drooped. Eyes closed, right lid partly. Left internal strabis- 
mus. Pupillary size oscillates but right greater than left. Animal 
is inert, motionless. Flaccid. Lids lift to noise. Pupils react to 
light. Mouth asymmetric. Does not respond to pressure, pain, 
or passive movement. 

1645 10 4 min., 20 sec. after ON — left internal strabismus, increase resp., 
no struggling, ptosis, more marked left lateral nystagmus, slow 
component to right. Right pupil dilated and then equal, not 
moving extremities, and tail slightly warm, pupils dilated, not 
reacting to sound, masticatory movements, eyes fixed and for- 
ward. Tail fixed, curved backward. Bilateral ptosis. No re- 
sponse to pinching or deep pain on Achilles tendon. Moved. 
OFF. Vocalized, nystagmus, ptosis, lids blinked to sound, no 
response to pinching, hemostat clamped to sole of foot, bilat- 
eral, no response. Withdrew when heat (lighted match) held 
close to each foot. 


Four minutes, twenty seconds after the be- curved and rigid. Bilateral ptosis was noted 
ginning of the exposure, there was a left in- again. There was no response to pinching or 
ternal strabismus. The respiratory rate in- deep pressure on the Achilles tendons. The 
creased, and a bilateral ptosis occurred. There animal moved spontaneously. The radio fre- 
was a lateral nystagmus with a slow compon- quency was turned off. Nystagmus and ptosis 
ent to the right. Next, the right pupil dilated were noted. There was no response when a 
and then contracted, so that the pupils were hemostat was clamped tightly to the skin of 
equal. The animal was motionless. The ex- the feet. However, the animal withdrew both 
tremities and tail were warm to the touch. feet from a lighted match. 

Both pupils dilated, and there was no reaction In a few minutes after exposure, this animal 
to sound. Chewing began. The eyes were fixed recovered and responded to stimuli in a usual 
in forward, conjugate position. The tail was fashion. 


M-R-946 Low head position 


Date Time Exposure period Remarks 


9 Mar. 1640 2min.,55sec. After 30 seconds both palpebral fissures widened, the animal 
struggled against the chair and vocalized. At 55 seconds, she 
began to whimper and there was some increase in salivation. 
At 1 minute, 55 seconds, both pupils dilated and did not react to 
light. At 2 minutes, a vertical nystagmus began. At 2 minutes, 30 
seconds, the eyes closed tightly, then quickly opened; nystagmus 
continued. There was some tongue movement. Otherwise there 
was no movement. The animal did not respond to pain, pressure, 
or touch. The RF was discontinued at 2 minutes, 55 seconds. 
The animal’s respiration was slow and rectal temperature was 
40.2° C. There was no movement. Tone was decreased, and 
there were no deep or superficial reflex responses. Spontaneous 
respiration ceased at 1745, 1 hour, 5 minutes after the begin- 
ning of an exposure lasting 2 minutes, 55 seconds. 
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Fig. 2. An animal during stimulation. [A] Immobility and forward gaze. [B] Ptosis and drow- 


siness. [C] Upward gaze, widening of the palpebral 
pupils, widening of the palpebral fissures, grimace 


The clinical signs observed during exposures 
may be grouped as follows: arousal, drowsi- 
ness, akinesia, meiosis, hippus, strabismus, nys- 
tagmus, autonomic changes, convulsions, re- 
flex changes, weakness, and hypesthesia. Elec- 
troencephalographic changes were also ob- 
served. 

Arousal, drowsiness, and akinesia. During 
exposure, all animals became agitated, drowsy, 
and akinetic. Usually, these changes were ob- 
served, in the order named, shortly after the 
transmitter was switched on. Before exposure, 
the animal was usually resting quietly in the 
chair. As exposure began, the animal seemed 
to stare. His palpebral fissures widened, and 
his pupils often dilated. He remained still for 
a few seconds and then moved his head and 
eyes rapidly from side to side. These side- 
to-side movements alternated with upward 


ssures, immobility. [D] Dilation of the 


movements. For a time thereafter, the animal 
became increasingly agitated and struggled 
against the restraints of the chair. In most 
cases, this agitation ceased abruptly. The ani- 
mal became immobile. As movement ceased, 
the monkey's eyes were open and directed 
forward or upward (Fig. 2A). The head 
was either in extension (Fig. 2C) or midway 
between flexion and extension (Fig. 2B). 
There was no lateral deviation. The extremi- 
ties were in flexion and adduction. In this 
position, all animals seemed less responsive to 
lights, sounds, pain, touch, or pressure, while 
some were unresponsive. This akinesia was 
brief in duration and was ordinarily followed 
by bilateral ptosis (Fig. 2B) and a drowsy 
state. In this condition, the animal could be 
roused promptly by sound or pain, but, after 
the stimulus ceased, his eyes closed and he 
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became drowsy again. However, in the ordi- 
nary course of the exposure, the animal roused 
spontaneously. Yet this arousal was usually 
followed by further periods of drowsing. 
These, in turn, were interrupted by brisk 
awakenings. Finally, the periods of drowsing 
shortened as the periods of arousal lengthened, 
until the animal seemed awake and even nor- 
mal. Moreover, if the exposure was discon- 
tinued at this point, further changes did not 
occur. If the animal was then deeply sedated 
with Nembutal, he could be aroused by fur- 
ther exposure. However, further exposure 
without sedation was usually followed by star- 
ing, akinesia, and bilateral ptosis with drowsi- 
ness. Then the pupillary reactions changed, 
and there were disturbances of eye movements. 

Meiosis, hippus, strabismus, and nystagmus. 
As the exposure continued, the animal usually 
had bilateral ptosis and seemed drowsy. Sud- 
denly, both eyes opened widely, and the ani- 
mal stared upward (Fig. 2C). The pupils were 
equal and small. Then there was rapid blink- 
ing. During the last of this, one or the other 
eye moved inward or outward, as if conju- 
gate control were lost. The palpebral fissures 
widened abruptly, and, despite the high in- 
tensity illumination, the animal’s pupils dilated 
widely. This bilateral dilation was commonly 
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accompanied by a grimace (Fig. 2D). At this 
time, the animal sometimes made a grunting 
or gasping sound as respirations accelerated. 
The pupils then would dilate or constrict in 
a series of rapid incoordinate changes, after 
which bilateral dilation occurred. Next, a 
unilateral strabismus usually appeared. This 
varied in character but most commonly was 
internal. Thereafter, nystagmoid jerks and 
several rapid blinks were noted. The blinking 
was bilateral and usually coincident with the 
nystagmoid jerking. These eye movements 
were either horizontal or vertical and often 
preceded a repetitive nystagmus. In all cases, 
the nystagmus usually lasted for several min- 
utes. In 1 instance, vertical nystagmus con- 
tinued for ten minutes. During nystagmus, 
the pupils were dilated equally and did not 
react to light nor was the animal responsive 
to pain or noise. Sometimes, the nystagmus 
continued throughout the exposure. In oth- 
ers, the nystagmus ended with a brief period 
of immobility. In all cases, the eye signs 
were accompanied and followed by autonomic 
changes. 

Autonomic changes. The nose often became 
pink before the eye signs began. As the eye 
movements and pupillary reactions changed, 
the respiratory rate increased. Occasionally, 


M-S-197 (Mim) 
Head Rectal 
Date Time position Frequency Duration temperature® 
i 25 Feb. 1050 High 387.93 5 min. 38.6° C. 
2. ? High 23 10 min. 38.4° C. 
3. ? High r 10 min. 38.0° C. 
4. 1210 High-Low 10 min. 38.0° C. 
5. ., ? High-Low 385.2 10 min. 37.9° C. 
6. ? High-Low 13 min. 38.0° C. 
1418 Low 10 min. 38.4° C. 
8. <! 1455 Low ™ 5 min. + 38.3° C. 
9. = 1720 Low Bi 10 min., 17 sec. 39.0° C. 
10. 1750 Low 24 min. 39.8° C. 
ll. 26 Feb. 1756 Low 387.93 10 min. 40.8° C. 
12. 1852 Low 10 min. 40.5° C. 
13. mn 1904 Lowest yet » 5 min., 22 sec. 42.0° C. 
14. 1936 Low 5 min., 30 sec. 41.8° C. 


*Immediately after exposure 
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Fig. 3. Salivation during stimulation 


after five minutes’ exposure, the rectal tem- 
perature rose from an average resting value 
of 38.5 to 41°C. The temperature response 
was variable. Sometimes, the hands or feet 
were moist, and, in 1 animal, the skin of 
the left arm and right leg seemed relatively 
warmer. But, in general, the skin of the trunk 
and extremities was cool to the examining 
fingers. 

Salivation occurred during all exposures. It 
was noticeable as frothy bubbles during the 
later developments of the eye signs. When 
saliva appeared at the lips, the animal usually 
began to grimace (Fig. 3) and breathing be- 
came labored. 

Convulsions. After salivation and some re- 
spiratory acceleration, the animal occasionally 
had a generalized seizure. This always began 
with rapid blinking and bilateral clonic facial 
movements, accompanied by rapid flexion of 
the head on the neck and followed by bilat- 


Fig. 4. Right facial paralysis associated with 
anesthesia to pain in the first and second 
divisions of the right trigeminal nerve. These 
signs appeared a stimulation and dis- 


forty-eight hours afterward. 


appear: 


NEUROLOGY 


eral clonic jerks of the extremities. The average 
duration of the seizures was two minutes. 
After the seizure, the animal was flaccid and 
areflexic. Respiration was usually slowed, while 
the pupils were equally dilated and without 
response to light. 

Reflex changes. Once the stage of drowsi- 
ness appeared, the animal's tendon reflexes 
were diminished or could not be elicited. In 
6 animals, there was a plantar extension on 
one or the other side. In the postictal state, 
no reflexes could be elicited. 

Motor power. Quadriplegia appeared in 2 
animals—1 after two minutes, fifty-five sec- 
onds’ exposure in the most effective head po- 
sition. Weakness of the upper extremities was 
noted in 2 animals after ten minutes’ exposure 
in a similar position. All animals were weak 
and flaccid in the postictal state; 1 animal had 
a right facial weakness, central in type, which 
persisted for forty-eight hours after exposure 
to 388 mc. in an effective position (Fig. 4). 

Sensation. The animals became increasingly 
less responsive to pinprick during exposure. 
Usually, the animal did not respond to pain 
for a short time afterward; 1 animal developed 
an anesthesia in the distribution of the right 
fifth nerve. This extended across first and sec- 
ond divisions but did not involve the area 
along the mandible and was limited by the 
midline. This animal also had the right facial 
weakness described above. 

Most monkeys reacted to noise throughout 
the exposure, except during seizures. In fact, 
a sharp hand clap usually caused the pupils 
to dilate and was followed by head turning 
toward the sound. These reactions persisted 
until the pupils became fixed or a seizure be- 
gan. Strangely enough, reaction to sound was 
usually the first sign of recovery after ex- 
posure. Yet most animals did not respond to 
light or movement after the first period of the 
exposure. 

Touch, pressure, and heat evoked responses 
that varied greatly. No responses to these 
stimuli were obtained during a seizure or in 
preterminal states. 

Electroencephalographic changes. Scalp elec- 
troencephalograms changed during exposure 
at 388 mc. In most records, changes were evi- 
dent approximately one hundred forty seconds 
after exposure began. At that time, a progres- 
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sive generalized slowing and some increase in 
amplitude were apparent. There was a pre- 
dominance of 5-per-second patterns. The rec- 
ord seemed to change quickly from an aroused 
pattern to one indicative of a drowsy state. 
These effects were reversible and disappeared 
within two to three minutes after cessation of 
exposure (Fig. 5A, B, and C). This sample is 
typical of the records made. During records, 
the head was free to move and was not placed 
in the critics] position. No records were made 
in that placement. The drowsing record was 
usually coincident with the drowsy appear- 
ance of the animal, although some electro- 
encephalographic changes appeared before the 
relevant clinical signs. 

Lethal effects. It was possible to kill mon- 
keys with a few minutes’ exposure (two min- 
utes, fifty-five seconds) when the head was 
fixed with the chin elevated. An exaggerated 
grimace and forceful closure of the eyes usual- 
ly indicated that death would occur. Then 
respiration stopped before heart action ceased. 

Postmortem findings and histologic changes. 
No striking changes were noted in the gross 
appearance of the brains. 

The histologic preparations from 4 brains 
have been reviewed. In some sections, there 
are no apparent abnormalities (Fig. 6). In 
others, there is some fading of the Nissl sub- 
stance. The section of ventrolateral thalamus 
illustrates this (Fig. 7). No evidence of ther- 
mal effects was found in these sections. 


SUMMARY OF OBSERVATIONS 


Exposure to a frequency of 388 mc. was 
followed by neurologic signs. These consisted 
of agitation, drowsiness, akinesia, and eye 
signs, as well as autonomic, motor, and sensory 
abnormalities; 12 convulsions were observed. 
These began with rapid bilateral blinking and 
were characterized by bilateral clonic move- 
ments. 

The clinical signs developed in a sequence. 
Each phase or stage in the sequence was punc- 
tuated by a marked change in awareness and 
posture. Thus, the sequence usually began 
with agitation, followed by drowsiness. The 
drowsiness was suddenly interrupted by a 
startled expression, which was followed by 
akinesia. This was followed by a stage charac- 
terized by eye signs and autonomic changes. 


Fig. 5. [A] Normal tracing one hundred forty 
seconds before stimulation. [B] _— four 
a 


seconds after the beginning of stimulation. 
Note slow activity. [C] Tracing four seconds 
after cessation of stimulation 


This, in turn, usually ended with either drow- 
siness or agitation. Thereafter, a seizure might 
follow. Recovery was invariably preceded by 
an abrupt heightening of awareness and some 
agitation. This stage was punctuated by brief 
periods of drowsiness, which became shorter 
and less frequent, until the animal appeared 
normal. 

The beginning and end of the clinical se- 
quence were characterized by periodic altera- 
tions of awareness. 
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Fig. 6. Motor cortex. Monkey R-946. Total 
radiation, two minutes, fifty-five seconds. 
Death occurred at the end of this period. 
Betz cells well preserved. Small pyramidal 


neurons showing slight loss of Nissl sub- 
stance 


The majority of the clinical signs disap- 
peared without a trace when exposure was dis- 
continued. Those remaining after exposure 
usually disappeared in forty-eight hours. 


DISCUSSION 


Effect of head position. The nature and se- 
verity of clinical changes varied with the head 
position. With elevation of the chin, depres- 
sion of the occiput, and restriction of lateral 
movement, the effects were accelerated and 
exaggerated. However, if the chin was de- 
pressed and the occiput elevated while lateral 


Fig. 7. Monkey S-206. Ventrolateral nucleus 
of the thalamus. Total radiation, forty-eight 
minutes. Died during the last part of radia- 
tion. Note loss of Nissl substance in the 
neurons that have been photographed. 


movement was restricted, no changes, except 
occasional drowsiness, were observed. Nothing 
more was observed when the animal’s head 
moved freely during exposure. Yet animals 
with freely moving heads did look up at the 
antenna more frequently during exposure than 
at other times. Interestingly enough, Kep- 
linger'* reported that rats oriented themselves 
in a wave guide when exposed to 24,500 mc. 
Likewise, Michaelson said that his dogs 
turned toward the beam of a 2,800-mc. source. 

Obviously, there is some relationship be- 
tween head position and the development and 
extent of the changes observed during radia- 
tion. At this stage of investigation, we think 
that the geometric relationship of the aque- 
duct of Sylvius to the standing wave pattern 
in the cavity is critical. In our experience, 
when the axis of the aqueduct coincides with 
the axis of the cavity, the clinical signs appear 
sooner and develop more rapidly. As the long 
axis of the aqueduct becomes nearly perpen- 
dicular to the axis of the resonant chamber, 
the signs disappear despite long exposures at 
the effective frequency. 

Duration of exposure. The duration of ex- 
posure is important or critical in 1 head posi- 
tion. If the chin is up, the occiput down, and 
lateral movement restricted, duration of ex- 
posure is critical. In this position, an exposure 
of sixty seconds elicits obvious signs, while an 
exposure of one hundred seventy-five seconds 
may be fatal. In all other head positions, ex- 
posures as long as one hundred seventy-five 
minutes do not elicit signs, other than drowsi- 
ness or some agitation. 

Volume of tissue exposed to radiation. When 
the whole animal, except the head, was ex- 
posed for ten minutes at 388 mc., no changes 
were observed. However, when the head alone 
is exposed, the changes described above occur. 

Nature of effects. During exposure to 388 
me., there were signs of diencephalic and mes- 
encephalic disturbance. The signs occurred in- 
dividually or in a characteristic sequence. The 
sequence always began with alternation of 
arousal and drowsiness. This alternation was 
related to electroencephalographic signs of 
sleep and arousal. The initial clinical signs 
were similar to responses that Magoun!® has 
elicited from the rostral reticular system. In- 
deed, the entire sequence was reminiscent of 
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responses that Hess'® evoked during extensive 
stimulation of diencephalic and mesencephalic 
mechanisms. Such sequential relationships may 
indicate some activation of integrated and in- 
tegrating mechanisms. Also, the rapidity of the 
sequence may indicate a close functional re- 
lationship between the systems influenced by 
the waves. Perhaps, the radio energy acti- 
vates mechanisms subserving consciousness, 
eve movements, tone, posture, and autonomic 
function? 
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Finally, there is some histologic evidence of 
an intraneuronal disturbance. The Nissl sub- 
stance is washed out in many neurons. Such 
disturbance may be the result of molecular 
change subsequent to the electronic activation 
by a specific frequency (388 mc.). 


The authors wish to express their gratitude to Dr. Cosimo 
Ajmone-Marsan for interpreting the electr 
and to Dr. Igor Klatzo for studying and evaluating the 
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Intermittent carotid and vertebral-basilar 


insufficiency associated with polycythemia 


Clark H. Millikan, M.D., Robert G. Siekert, M.D., and 
Jack P. Whisnant, M.D. 


Since Vaquez'! and Osler? described polycy- 
themia vera, numerous authors*-* have docu- 
mented the fact that neurologic manifestations 
frequently have a part in the clinical picture 
of the disease. Thrombosis of a cerebral artery 
with infarction is the most serious of these 
and occurred in 10% of 204 patients studied 
by Lawrence, Berlin, and Huff.'° However, 
attention has not been directed to the associa- 
tion of various types of polycythemia and in- 
termittent insufficiency of either the carotid or 
vertebral-basilar arterial system. Description 
of this relationship is the primary purpose of 
this paper. Comments concerning treatment 
and the pathogenesis of the episodes of in- 
sufficiency will be included. 

The literature describes many instances of 
polycvthemia vera complicated by cerebral 
thrombosis. Certain individual case protocols 
recount recurrent cerebral symptoms probably 
due to intermittent focal ischemia. Case 61 of 
Weber"! had 8 attacks of temporary aphasia 
during seven weeks prior to hospital admission. 
Owen!? wrote of a 64-year-old man who com- 
plained of a tingling sensation in the right arm 
that lasted only five minutes. In a short while, 
the sensation recurred and spread to involve 
the right buccal angle. Later the same day, the 
tingling began again, and, soon, the patient's 
speech became slurred and inaccurate. All 
symptoms disappeared in minutes. A diagnosis 
of polycythemia vera was established. In 1928, 
Howell'® described a 29-year-old man who had 
6 brief attacks of right hemiparesis the day be- 
fore permanent right hemiplegia developed. 
The erythrocyte count was 12,000,000 per cu- 
bic millimeter. In a 30-year-old man, Case VII 
of Oppenheimer, polycythemia vera was said 
to cause attacks that began with dizziness and 
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blurring of vision and proceeded to convulsion. 
Noteworthy are 2 cases of polycythemia vera 
included in a paper by Johnson and Chalgren;® 
1 patient (Case 3) was a 57-year-old man who 
had attacks of blindness of sudden onset and 
short duration in the left eve. In 1 episode, 
there was paresis of the right side of the body. 
Later, there was impaired vision in the right 
eve. Another man (Case 4), 42 years old, had 
transient attacks of diplopia, then numbness 
of the left side of the body and poor function 
of the left hand. Patients reported by Miller, 
Burris and Arrowsmith,!® and Nelson and 
Fazekas"? also had intermittent attacks of tran- 
sitory neurologic phenomena. These episodic 
events were not discussed and were included 
in the various papers only as portions of case 
histories. In some instances, the attacks were 
precursors of cerebral infarction. 

At our institution, search for clues to the 
pathogenesis of intermittent insufficiency of 
the internal carotid or vertebral-basilar systems 
has led to more careful hematologic study of 
patients with these syndromes. At the same 
time, attention has been directed more closely 
to neurologic symptoms related by patients 
with polycythemia vera and other types of 
polycythemia. Criteria previously described 
have been used for the diagnosis of intermit- 
tent insufficiency in the internal carotid!’ or 
the vertebral-basilar svstem.!® The diagnosis 
and problem of the polvcythemia have been 
confirmed and reviewed in each instance by 
one or more members of the Sections of Hema- 
tology. All the patients to be described have 
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had polycythemia vera, secondary polycythe- 
mia, or relative polycythemia. 

Polycythemia vera is characterized by ele- 
vated whole-blood volume, increased produc- 
tion of erythrocytes, and elevated erythrocyte 
volume without apparent cause. The same 
phenomena are observed in secondary polycy- 
themia, but a cause—such as arteriovenous 
fistula, pulmonary fibrosis, or certain cardiac 
lesions—can be detected and in some instances 
corrected. In relative polycythemia, the whole- 
blood volume is normal but plasma volume is 
decreased, with relative increase in erythro- 
evte volume. The range of normal values in 
Mayo Clinic laboratories is whole-blood vol- 
ume, 80 to 100 cc. per kilogram of body 
weight; plasma volume, 40 to 50 cc. per kilo- 
gram of body weight; and erythrocyte volume, 
36 to 50 cc. per kilogram of body weight. 
These standards are not absolute, and the re- 
sults obtained in individual cases must be con- 
sidered in association with clinical observa- 
tions, as well as with other laboratory and 
roentgenologic evidence. 


REPORT OF CASES 


A total of 22 patients with intermittent cere- 
bral vascular insufficiency associated with the 
above-described types of polycythemia were 
observed at the Mayo Clinic during the three 
vears 1954 through 1957. Summaries of 10 
of the cases are presented to illustrate the re- 
lationship between the 2 disorders. Details of 
clinical and laboratory investigation not essen- 
tial to this study have been omitted. 


Case 1. A 58-year-old man registered at the 
clinic February 4, 1955, because of episodes of 
staggering to the right and double vision. He had 
been well until the summer of 1954, when several 
episodes of staggering to the right had occurred. 
These had begun while he was exerting himself 
and had lasted? only four or five minutes. During 
December, he had had a number of ten- or fifteen- 
minute attacks of blurred vision. January 3, 1955, 
while duck hunting, the patient had complained of 
several episodes of Three days later, 
diplopia had occurred again and persisted. Late 
in that month, he had had an attack of severe 
vertigo, nausea, vomiting, and circumoral numb- 
ness. On February 6, numbness and impairment 
of function had affected his right hand for several 
minutes. 

Physical examination revealed left internuclear 
ophthalmoplegia and veering to the right when he 


walked in tandem fashion. The blood pressure was 
140/90 mm. Hg. 

Laboratory findings were hemoglobin 17.1 pm. 

= 100 ce. of blood, erythrocytes, 5,190,000, leu- 

ocytes, 6,000, and platelets, 219,000 per cubic 
millimeter of blood; hematocrit, 60%; whole-blood 
volume, 69; and plasma volume, 28 cc. per kilo- 
gram of body weight. 

A clinical diagnosis of intermittent insufficiency 
of the vertebral-basilar system with a small intra- 

mtine infarct and polycythemia was made. The 

ematologist believed this was early polycythemia 
vera. 

In 3 phlebotomies, a total of 1,500 cc. of blood 
was withdrawn. After that the hematocrit was 45%. 
No further attacks of vertebral-basilar insufficiency 
occurred after the second phlebotomy. 

Correspondence with the patient’s physician 
during January 1958 indicated that the polycy- 
themia had been controlled with further phlebot- 
omies and administration of radioactive phos- 

horus and that no further attacks of insufficiency 
had occurred. The internuclear ophthalmoplegia 
had persisted. 


Case 2.. A 65-year-old woman registered at the 
clinic on January 30, 1957, and immediately was 
admitted to the hospital. She had been well until 
9:30 a.m. on January 25 when, while sitting, she 
suddenly had stopped talking because she could 
not think of the correct word. This disability had 
lasted a minute or two. A few minutes later, stand- 
ing in the kitchen, she suddenly had lost all ability 
to move the right hand. The episode had been ob- 
served by a relative who had moved the extremi 
for the patient and described the part as “limp. 
In three or four minutes, the patient had been 
normal. At 12:30 p.m. the same day, when sitting 
at the table eating, the patient had become un- 
able to talk. She had garbled or mispronounced 
words and had been unable to get the correct one. 
Minor dysfunction had affected the right hand. 
She had been put to bed and in half an hour had 
been talking fairly well. By evening, her condition 
had returned to normal. 

On February 6 and 7, while she was in the 
hospital, similar episodes occurred. 

At admission, physical examination revealed 2 

sitive signs: dusky appearance of the face and 

lood pressure of 200/100. 

The initial diagnosis was intermittent insufficien- 
cy, probably in the left internal carotid system. 

Laboratory findings were urinalysis, normal; 
hemoglobin, 23.5 gm.; erythrocytes, 7,500,000; 
leukocytes, 11,000; hematocrit, 84%; whole-blood 
volume, 163 cc. per kilogram; plasma volume, 20 
ce. per kilogram; and thoracic roentgenograms, 
normal. 

The hematologist made a diagnosis of polycy- 
themia vera. 

Treatment consisted of 3 phlebotomies, 500 cc. 
of blood being withdrawn at each, and radioactive 
phosphorus was administered. 

The patient has returned to the clinic on several 
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occasions. The findings from laboratory examina- 
tion of the blood were normal on March 21, 1957, 
and have continued so thereafter. 

No further attacks of intermittent carotid in- 
sufficiency have occurred. 


Case 3. A man 43 years old first registered at the 
clinic January 30, 1950, with the complaint of 
attacks of numbness and clumsiness of the left 
hand. During February 1949, his right hand had 
been affected by prickling sensation and dysfunc- 
tion in several short episodes. After that, he had 
been well until the summer of 1949, when he had 
experienced episodes of clumsiness of the right 
hand. In December had occurred the first episodes 
of numbness and weakness of the left hand. Each 
had lasted twenty to thirty minutes. On 2 occasions 
in the next month, the left side of the mouth had 
sagged and the speech had been slurred. There 
had been 1 very brief attack of weakness of both 
legs. 

Findings at examination were slight weakness at 
the left buccal angle, grips normal to —1 (on a 
basis of —1 to —4, the latter signifying complete 
paralysis), and alternate motion rate of the hands 
normal to —l. The blood pressure was 124/84. 

Laboratory findings were urinalysis, normal; 
hemoglobin, 15 gm.; erythrocytes, 4,480,000; leu- 
kocytes, 5,900; sedimentation rate, 2 mm. in one 
hour (Westergren method); and Kolmer test of 
blood, nonreactive. The cerebrospinal fluid was 
under normal pressure and contained 2 lympho- 
cytes per cubic millimeter and 25 mg. of protein 
per 100 cc. The Kolmer test of cerebrospinal fluid 
was nonreactive. Roentgenograms of the head and 
chest indicated normalcy. The electroencephalo- 
gram showed a symmetrically distributed dysrhyth- 
mia, grade 1 (on a basis of 1 to 4, the latter 
being most severe). A pneumoencephalogram was 
interpreted as revealing no significant abnormality. 

The diagnosis at the time of dismissal was in- 
determinate. 

The patient returned to the clinic during Decem- 
ber 1950 and June 1951. He had had a few mild 
attacks of weakness of the left upper extremity. 
Examination showed no evidence o progression. 

On January 15, 1952, the patient again regis- 
tered at the clinic. He related that on August 
23, 1951, while standing talking, he suddenly had 
become unable to get the correct word. The right 
side of the body had seemed weak. He had 
started walking, but, after a few steps, the right 
lower extremity had given way and he had fallen 
to the floor. Five minutes later, he had been 
normal. In December 1951, a similar attack oc- 
curred but recovery required forty-eight hours. 

The findings at physical examination were es- 
sentially the same as those obtained on previous 
visits to the clinic. 

The blood hemoglobin was 15.4 gm. and the 
erythrocyte count, 5,060,000. There was no change 
in the electroencephalogram. 

The interpretation of bilateral carotid angio- 
grams was normal. A ventriculogram was inter- 
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preted as revealing minimal evidence of an ex- 
panding lesion in the left parietal parasagittal 
area, but, at craniotomy, a tumor was not found. 

The patient returned to the clinic in July 1955. 
During the interval, he had been examined in 2 
other hospitals but no diagnosis had been estab- 
lished. Sporadic attacks of severe generalized 
weakness without change in consciousness had 
occurred. Each of these lasted a few minutes. A 
few episodes had been characterized by clumsiness 
and weakness of the right hand. 

Physical examination showed the phenomena on 
the left side of the body unchanged. The muscle 
stretch reflexes on the right were graded 34 (on 
a basis of —4, which is weakest, to +4, which is 
strongest ), and a Babinski sign was elicited on the 
right. 

PA clinical diagnosis of intermittent insufficiency 
in the vertebral-basilar system with residual dam- 
age in the brain stem was made. 

Laboratory findings were hemoglobin, 19.4 gm.; 
erythrocytes, 7,060,000; leukocytes, 11,400; plate- 
lets, 866,000; hematocrit, 68%; whole-blood 
102 cc. per kilogram; and plasma volume, 29 
ce. per kilogram. The electroencephalogram show- 
ed a dysrhythmia, grade 2, focal left sylvian. 

A diagnosis of polycythemia vera was made by 
the hematologist. The patient was treated with 
radioactive phosphorus and phlebotomies (2,000 
ec. of blood withdrawn). 

In October 1955, the patient returned to the 
clinic. He had been doing hard physical work 
and had had no further attacks. There was no 
longer a Babinski sign on the right. Other findings 
at physical examination were unchanged. The 
hemoglobin was 16.4 gm., erythrocyte count, 
6,180,000, and hematocrit, 58%. Additional with- 
drawal of blood was advised, and the referring 
physician performed it. 

The latest examination was made in March 
1956. The patient’s mood was mildly depressed, 
but he had had no more attacks of neurologic 
dysfunction. The lycythemia was controlled. 
The aettunaiilae ram showed a dysrhythmia, 
grade 1, focal left moan Continuation of meas- 
ures for control of the polycythemia vera was 
recommended. 


Case 4. A man then 73 years old had first regis- 
tered at the clinic in November 1949. A diagnosis 
of chronic prostatic hypertrophy, acute thrombo- 
phlebitis in the left lower extremity, and polycy- 
themia vera was made at that time. The laboratory 
investigation of the blood showed hemoglobin, 
18.4 gm.; erythrocytes, 6,140,000; leukocytes, 
11,000; hematocrit, 69%; whole-blood volume, 124 
ce. per kilogram; and plasma volume, 40 cc. per 
kilogram. 

Multiple phlebotomies removed a total of 2,000 
ce. of blood, and radioactive phosphorus was ad- 
ministered. 

On February 11, 1957, when 81 years old, the 
patient returned to the clinic and was admitted 
to the hospital. During the intervening years, the 
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polycythemia had been controlled by multiple 
phlebotomies and radioactive phosphorus therapy. 
On December 21, 1956, he had experienced left 
hemiplegia that had lasted fifteen minutes. Four 
days later, he had had another attack of the same 
type, lasting fifteen to twenty minutes. A third 
attack had occurred on December 30 and had 
not remitted. 

Physical examination revealed left hemiplegia 
and left homonymous hemianopsia. 

A diagnosis of 2 attacks of intermittent insuf- 
ficiency in the right internal carotid system fol- 
lowed by coal infarction in the right hemi- 
sphere was made. 

A note from the referring physician stated that 
the hematocrit was 60% on the day the cerebral in- 
farction occurred. 

The polycythemia was controlled by multiple 

hlebotomies. There was mild improvement in the 
hemiplegia with but the left 


homonymous hemianopsia persist 


Case 5. A 73-year-old man registered at the 
clinic on June 19, 1956, and immediately was ad- 
mitted to the hospital. He complained of recurrent 
numbness of the right side of the body. One after- 
noon early in June, while working on a cultivator, 
the patient had noticed a sudden onset of numb- 
ness in the entire right side of the body and dif- 
ficulty in moving the right arm and leg. Simul- 
taneously, vision to the right had been impaired. 
He had been able to drive his car home, and, in 
an hour, his condition had returned to normal. 
During the next six days, 5 or 6 similar episodes 
had occurred. Each attack had lasted fifteen to 
fifty minutes, and each recovery had been com- 

lete. 

. Findings at physical examination were normal 
except that the right biceps and knee jerks were 
slightly stronger than those on the left. 

Findings From laboratory examination were 
hemoglobin, 18.2 gm.; erythrocytes, 7,630,000; 
leukocytes, 18,000; platelets, 276,000; and hemato- 
crit, 70%. 

The diagnosis was intermittent insufficiency of 
the left internal carotid system and polycythemia 
vera. 

On June 21, 1956, 500 cc. of blood was re- 
moved by phlebotomy. Radioactive phosphorus, 
4.8 mc., was administered. On July 6, 500 cc. of 
blood was removed, and the next i the hemato- 
crit was 59%. In the period since admission, the 
attacks of numbness and weakness of the right 
side of the body had become increasingly severe, 
with difficulty in speaking and impairment of 
vision to the right. More definite hyperreflexia and 
a Babinski sign on the right began to persist be- 
tween attacks. Anticoagulant therapy with ethyl 
biscoumacetate (Tromexan) and bishydroxycou- 
marin (Dicumarol) was started on July 9. There 
was 1 attack the next day. On July 11, the pro- 
thrombin time was in the therapeutic range. No 
further episodes occurred. Control of the polycy- 
themia was accomplished gradually, and anti- 


coagulant therapy was discontinued December 
10, 1956. 

The patient returned in February, April, July, 
October, and December of 1957. The polycythemia 
was under satisfactory control, and there had been 
no further episodes of carotid insufficiency. 


Case 6. A 54-year-old man registered at the 
clinic on July 22, 1955. He complained of hav- 
ing had “dizzy spells” in the preceding year and 
a half. He had n well me early 1954 when, 
sitting in a construction office and smoking a cigar, 
he suddenly had become faint. The cigar had 
dropped from his mouth, vision had become dim, 
and nausea as well as generalized weakness had 
developed. Consciousness had not been impaired. 
An hour later the patient had been normal. Dur- 
ing the year after this, he had had 10 more at- 
tacks. Each had been characterized by the sudden 
onset of a feeling of weakness all over, a whirling 
sensation, nausea, vomiting, diplopia, dimness of 
vision, and, on a few occasions, slurring of speech. 
The total duration of each had been ten to thirty 
minutes. 

In March 1955, the patient’s home physician 
had made a diagnosis F polycythemia vera and, 
over a five-week period, Pad. rformed 3 phle- 
botomies, removing 500 cc. of blood at each. No 
more attacks had followed the phlebotomies. 
Radioactive phosphorus had been administered on 
June 9, 1955. 

At the clinic, physical examination revealed no 
unusual signs. 

Laboratory findings were hemoglobin, 14.5 
erythrocytes, 5,920,000; leukocytes, 5,800; fat 
lets, 107,000; hematocrit, 52%; whole-bl vol- 
ume, 88 cc. per kilogram; and plasma volume, 
42 cc. per kilogram. 

A diagnosis of intermittent vertebral-basilar 
insufficiency and polycythemia vera in control was 
seen No further episodes of insufficiency oc- 
curred, 


Case 7. A woman then 43 years old first regis- 
tered at the clinic during the summer of 1941. 
a March of that year, she had suffered 
several episodes of numbness and poor use of the 
left hand. In one of these, there had been weak- 
ness of the left side of the face that lasted an 
hour. One morning in April, on awakening, she 
had noted blindness of the right eye. Later that 
morning she had complained of slight weakness 
of the left lower extremity and severe weakness 
and clumsiness of the left hand. By evening, the 
left side of the body had become normal, but 
blindness had persisted. A pneumoencephalogram 
made elsewhere had been interpreted as normal. 
In May had come another attack of left hemi- 
paresis with recovery, and, later that month, an 
attack occurred from which she did not recover. 

Findings at physical examination were blindness 
of the right eye (occlusion of the central retinal 
artery ); Teft hemiparesis, grade 3 in the upper 
extremity and gules 1 in the lower extremity; and 
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hyperactive muscle stretch reflexes on the left, 
with a Babinski sign and diminished response to 
pin, thermal, and light touch stimuli in the left 
upper extremity. 

Laboratory findings were hemoglobin, 17.5 gm.; 
erythrocytes, 5,370,000; leukocytes, 11,200; hem- 
atocrit, 57%; whole-blood volume, 114 cc. per kilo- 
gram; and plasma volume, 48 cc. per kilogram. 

A diagnosis of polycythemia vera with a cere- 
bral infarct and thrombosis of the central retinal 
artery was made. 

The polycythemia vera was controlled with 
multiple phlebotomies and radioactive phosphorus 
therapy. The patient was last seen at the clinic in 
July 1957. She had had no further intracranial 
trouble. 


Case 8. A man then 55 years old had first regis- 
tered at the clinic in 1939 with the complaints of 
headache and easy tiring. A diagnosis of polycy- 
themia vera was made. Treatment through the 
years consisted of phlebotomies and administration 
of radioactive phosphorus. In 1951, the polycy- 
themia vera was found to be well controlled. 

The patient entered the clinic again in August 
1955, when 72 years of age. Early that year, he 
had suffered a number of attacks of “lightheaded- 
ness” that consisted of a whirling sensation and 
lasted five to ten minutes. These had come on 
whether he was standing, sitting, or lying down. 
In July, while he had been sitting, his head sud- 
denly had dropped forward, the right arm and 
hand had become useless, and he had been con- 
fused and his speech garbled. In thirty minutes, 
the arm and hand had been almost normal but the 
speech defect had persisted. 

Examination revealed partial afferent aphasia. 

The hemoglobin was 16.6 gm., erythrocyte 
count, 7,330,000, and hematocrit, 58%. 

A diagnosis of possible intermittent insufficiency 
of the vertebral-basilar system and a small cere- 
bral infarct in the field of the left middle cerebral 
artery was made. 

The hematologist commented that the polycy- 
themia vera was out of control. Phlebotomies re- 
moved a total of 750 cc. of blood. 

The patient returned during April 1956, at 
which time the polycythemia vera was controlled. 
He had had no more attacks. There was a residual 
mild afferent aphasia. 


Case 9. A 51-year-old woman registered at the 
clinic December 4, 1954, with a complaint of at- 
tacks of dizziness and impairment of vision. Dur- 
ing the year preceding registration, the patient 
had noted easy fatigability. In November, the 
first attack had occurred. One afternoon, she had 
been sitting reading when suddenly she had be- 
come aware of a “strange sensation” in the back of 
her head. She had leaned forward and blacked 
out. At the return of consciousness, she had been 
on the floor, blind. She had crawled about the 
room, finally located the telephone, and called a 
friend. When the patient had begun to talk, her 
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speech was severely slurred. In an estimated ten 
minutes, she had Sense to vomit and had con- 
tinued for about ten minutes. Then vision had 
begun to return, and, in an hour, the patient had 
been normal. She had not experienced headache 
or stiffness of the neck. Between the time of the 
first episode and registration at the clinic, she 
had had 6 less severe attacks. Each of these had 
included vertigo, nausea, vomiting, and impair- 
ment of vision but not blindness. Each had been 
sudden in onset and had ended in thirty minutes. 

On physical examination, the lips, tongue, 
cheeks, fingers, and toes had a cyanotic hue. 

Laboratory findings were hemoglobin, 17.1 gm.; 
erythrocytes, 4,880,000; leukocytes, 6,500; hemato- 
crit, 62%; and Kline flocculation test, nonreactive. 
Thoracic roentgenograms showed in the right up- 
per lobe an oval shadow 4 by 6 cm. and, leading 
into it from the hilus, 2 shadows 1 cm. wide that 
had the appearance of vessels. These features were 
interpreted as signifying a pulmonary arteriove- 
nous fistula. Pulmonary and cardiovascular studies 
were consistent with this roentgenographic diag- 
nosis. 

The clinical diagnosis was intermittent insuf- 
ficiency of the vertebral-basilar system, pulmonary 
arteriovenous fistula in the right upper lobe, and 
secondary polycythemia. 

On December 13, 1954, the right upper lobe 
containing the pulmonary arteriovenous Astula was 
resected. Recovery was uneventful, and the poly- 
cythemia disappeared. Follow-up two years later 
revealed that there had been no further attacks 
of vertebral-basilar insufficiency. 


Case 10. A 57-year-old man, who had been seen 
at the clinic during preceding years for a variety 
of minor complaints, again registered on Septem- 
ber 27, 1954, and feats was admitted to 
the hospital. He complained that, during the pre- 
ceding ten days, he had suffered approximately 
8 strange attacks that had come on regardless of 
his position. The episodes had been characterized 
by burning around the eyes, dysarthria, dysphagia, 
and tetraparesis to tetraplegia. The onset had taken 
only thirty seconds, and the duration had been 
five to ten minutes or forty to sixty minutes. The 
weakness had been more severe on the right than 
on the left. 

Findings at examination were very slight hyper- 
activity of the stretch reflexes on the right, a doubt- 
ful sign of Babinski, and blood pressure of 140/80. 

Laboratory findings were hemoglobin, 18 gm.; 
erythrocytes, 5,180,000; leukocytes, 6,800; hemato- 
crit, 58%; whole-blood volume, 67 cc. per kilo- 
gram; and plasma volume, 28 cc. per kilogram. 

A diagnosis of intermittent vertebral-basilar in- 
sufficiency and relative polycythemia was made. 

During two days of hospital observation, the 
patient had 3 attacks each day. Several of the 
attacks were observed to be as the patient had 
described them. Neurologic examination during 
an episode gave appropriate findings. In 1 attack, 
both internal rectus muscles were paralyzed. On 
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2 occasions, the blood pressure was taken just be- 
fore and during the onset of attacks. No change 
occurred in the pressure or in the pulse rate or 
rhythm. 

Because of the increasing severity and frequency 
of the episodes, untioeaiea therapy with hepa- 
rin, Tromexan, and Dicvmarol was started. The 
heparin therapy was discontinued after thirty-six 
hours, and Dicumarol was used for long-term treat- 
ment. After 2 phlebotomies dims a total of 
1,300 cc. of blood, the hematocrit was 48%. No 
attacks occurred after anticoagulant treatment was 
begun. 

The patient returned to the clinic in May 1955 
and March and September 1956. At the reex- 
aminations, the hematocrit values were 54, 54, and 
53%, respectively. Discontinuation of anticoagulant 
therapy and phlebotomy were suggested, but the 
patient and referring physician wished to continue 
treatment with Dicumarol. There had been no 
further attacks of vertebral-basilar insufficiency. 


DISCUSSION 


The clinical phenomena observed in the 
cases described were essentially the same as 
those seen when polycythemia or focal cere- 
brovascular insufficiency occurs singly. 

The diagnesis of polvcvthemia must be 
based on investigation of the blood. Certain 
symptoms observed in polycythemia vera, such 
as dizziness and headache, may be part of the 
pattern of the insufficiency syndromes, particu- 
larly those of vertebral-basilar type. The com- 
plaint of “dizziness” usually becomes “light- 
headedness” in cases of polycythemia or is 
given some other nondescript designation on 
careful questioning. This symptom and the 
vertigo that is so common in vertebral-basilar 
insufficiency are phenomena of different types. 
Headache is of little aid in arriving at a diag- 
nosis and must be assessed in relationship to 
other facets of the individual case. The clini- 
cian must rely on a pattern of clinical phenom- 
ena in diagnosing the syndromes of intermit- 
tent vascular insufficiency and on laboratory 
data for precise information about the polycy- 
themia. 

It is particularly important to note that 
often the presenting complaints of these pa- 
tients are the episodic symptoms characteristic 
of attacks of cerebrovascular insufficiency. 
This was true in 8 of the 10 cases reported 
above. Such phenomena as plethora of the 
lips, cheeks, fingers, and toes, engorgement of 
the retinal veins, and splenomegaly may lead 
the clinician to suspect the presence of polycy- 


themia. However, these signs can be minimal 
or absent. In practically every instance of cere- 
brovascular insufficiency, a hematocrit value 
should be obtained to screen for polycythemia. 
Unusually high values indicate need for fur- 
ther investigation of the hematologic problem. 
If polycythemia is present, an attempt should 
be made to define its nature and cause. In 
Case 9, surgical removal of a pulmonary ar- 
teriovenous fistula corrected secondary polycy- 
themia and the patient had no further attacks 
of vertebral-basilar insufficiency. 

Case 3 is of particular interest. The patient 
was seen at the clinic on several occasions be- 
fore the syndrome of vertebral-basilar insuf- 
ficiency was delineated. Many tests were per- 
formed in a futile search for an intracranial tu- 
mor or aneurysm. On early visits, the hemato- 
crit value was not determined. How long the 
polycythemia had been present and whether 
more complete laboratory study would have 
permitted earlier diagnosis and treatment can- 
not be stated. 

Hemangioblastoma of the cerebellum has 
been associated with polycythemia. It is rare 
that such neoplasms are present simultaneously 
with the characteristic attacks of intermittent 
vertebral-basilar insufficiency. When symptoms 
and signs indicative of a gradually progressive, 
probably expanding lesion in the posterior 
fossa are present, diagnostic ventriculography 
must be considered. 

This study does not present long-term ob- 
servations from a series of cases of untreated 
polycythemia vera for contrast with similar 
observations of the treated patients. Lawrence, 
Berlin, and Huff!® observed a lower incidence 
of complications among patients whose polycy- 
themia vera was controlled than among those 
in whom it was uncontrolled. The experience 
in the 10 cases reported above, and in the re- 
maining 12 cases of this study as well, seems 
to indicate the importance of quickly control- 
ling the polycythemia and maintaining effec- 
tive control. In Case 4, control was established 
and for seven years the patient was well. Then 
came 2 warning attacks of carotid insufficiency, 
followed four days later by permanent hemi- 
plegia that began when the hematocrit value 
was high. Case 8 is similar. Polycythemia vera 
was controlled, and the patient was well for 
fifteen years. Then came warning episodes, 
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and, before the polycythemia vera was con- 
trolled again, cerebral thrombosis caused per- 
manent damage to the brain. 

When intermittent carotid or vertebral- 
basilar insufficiency develops in patients with 
known polycythemia vera, the status of the 
blood should be checked immediately. If the 
polycythemia is out of control, it should be 
treated at once. Administration of anticoagu- 
lants for a time may be wise if control of the 
polycythemia is delayed or difficult. Cases 5 
and 10 were instances in which the attacks 
were so frequent and so severe that it was 
deemed prudent to administer anticoagulants 
until the blood findings were normal. Anti- 
coagulant treatment is recommended when at- 
tacks of intermittent insufficiency are not re- 
lieved by prompt control of the polycythemia 
or when these cerebral symptoms persist after 
control of the polycythemia. 

The above report of 10 cases documents the 
association of attacks of intermittent carotid 
or vertebral-basilar insufficiency with polycy- 
themia. One can only speculate concerning the 
pathogenesis of such episodes as well as of 
those seen in patients who do not have polvcy- 
themia. Transitory constriction of cerebral 
blood vessels (vasospasm) was the popular 
explanation for the condition for many years. 
Severe atherosclerosis of the vessels observed 
at necropsy after a course of such events, with 
the concomitant theoretic decrease in vascular 
elasticity, absence of any significant correlation 
of the attacks with stress, and failure of var- 
ious types of vasodilator therapy to eliminate 
the episodes have all contributed to the de- 
creasing popularity of the “vasospasm” theory. 

Another explanation is transient systemic 
hypotension with relatively more severe is- 
chemia of brain distal to a permanently nar- 
rowed segment of vessel. Corday, Rothenberg, 
and Putnam”? recorded their experience in pro- 
ducing an animal preparation of this kind and 
showed that the theory is possible experimen- 
tally. Recently, Meyer?! reported that reduc- 
tion of blood pressure in the monkey after 
partial occlusion of the middle cerebral artery 
regularly produces infarction in the tissues that 
vessel should supply. The clinical association 
of hypotension with signs of focal brain dys- 
function has been noted in the literature for 
decades. 
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Whether the occurrence of transient hypo- 
tension produces transient ischemic attacks in 
very many instances or whether it has any 
statistical importance in the over-all problem 
of stroke is a question yet unanswered. Seldom 
is the blood pressure actually recordcd just 
preceding r at the onset of either intermittent 
insufficiency ur permanent damage to the 
brain. Meyer and associates”? observed focal 
changes in the electroencephalograms of hu- 
man beings while compressing the ipsilateral 
carotid artery and tilting the patient up. The 
tilting was accompanied by a significant drop 
in the blood pressure. In a different kind of 
clinical study, Adams and Vander Eecken** 
were unable to reproduce attacks of insufficien- 
cy by putting the patient on a tilt table. Weiss 
and Froelich? were unable to produce elec- 
troencephalographic changes in subjects with 
carotid or basilar insufficiency by rapid tilting 
alone. With tilting plus unilateral carotid 
compression, they produced electroencephalo- 
graphic changes in patients with syndromes 
of cerebrovascular insufficiency in the same 
proportion as in patients of a control group 
matched in age and sex. 

Eastcott, Pickering, and Rob?* reported that 
lowering the blood pressure did not precipi- 
tate attacks in a patient who was subsequently 
proved to have a partial occlusion of an in- 
ternal carotid artery. In a previously report- 
ed? and an unreported case, one of us ob- 
served the blood pressure just before and 
during the onset of a typical attack. In neither 
instance did the blood pressure change from 
the value consistently obtained in that patient. 
In Case 10 of this study, the blood pressure 
taken just before and during the onset of 2 
separate attacks did not change nor did the 
pulse rate or rhythm. 

These observations, together with the facts 
that strokes seldom occur in patients receiving 
antihypertensive therapy at the clinic and that 
less than 30% of patients with cerebral in- 
farction have any detectable form of heart 
disease, make us reluctant to accept the theory 
that transient episodes of systemic hypotension 
actually cause intermittent cerebrovascular in- 
sufficiency in most instances. 

Temporary occlusion of a brain vessel by 
tiny emboli from a distant source is another 
possible cause of the attacks. But no evidence 
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of a cardiac lesion or other site of origin of 
emboli can be discovered in a majority of the 
patients, nor is there evidence of embolic 
phenomena in other parts of the body. Also, 
while there may be minor changes in the 
svmptomatology of the various attacks suffered 
by a patient, the pattern of events is remark- 
ably similar through successive attacks in the 
individual patient. It seems unlikely that em- 
boli from a distant source would so consistent- 
ly follow the same path in consecutive epi- 
sodes of insufficiency. These observations tend 
to eliminate this mechanism as a likely one 
except in unusual instances. 

In the cases reported in this paper, it ap- 
pears likely that there is at least some partial 
cause and effect relationship between the 
polyevthemia and intermittent cerebrovascular 
insufficiency. Brown and Giffin?? demonstrat- 
ed that there was increased viscosity of the 
blood, and Kety?’ showed that there is marked 
decrease in cerebral blood flow and increased 
vascular resistance in polycythemia. These 
factors enhance the tendency toward the for- 
mation of thrombus. It appears appropriate to 
speculate that the increased tendency toward 
formation of thrombus can play a part in the 
pathogenesis of individual episodes of cerebro- 
vascular insufficiency. Whether the short at- 
tacks terminate because of disintegration of a 
fragile early thrombosis or because of the 
rapid opening of effective collateral channels 
cannot be stated. Observation of many cases, 
including arteriographic study, indicates that 
in many instances the main vascular channels 
oven again. In such instances, it is logical to 
presume that failure of opening of collateral 
flow cannot constitute the only defect, as the 
flow through the main vessels would prevent 
episodes of insufficiency. Therefore, the as- 
sociation of intermittent cerebrovascular in- 
sufficiency and polycythemia appears to supply 
one more bit of evidence implicating some 
part of the mechanism of thrombosis in the 
pathogenesis of the episodes of insufficiency. 


SUMMARY 


Attention is drawn to the association of 


polycythemia and focal cerebrovascular insuf-. 


ficiency; 22 patients known to have this com- 
bination of disorders have been observed at 
the Mayo Clinic in the years 1954 through 
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1957, and 10 of the cases are described in 
sufficient detail to illustrate the variety of 
problems that occur. It is emphasized that [1] 
the initial important phenomenon occurring in 
a patient with polycythemia can be an attack 
of insufficiency in the carotid or vertebral- 
basilar system; [2] it is necessary to examine 
the blood for polycvthemia in every patient 
with focal cerebrovascular insufficiency; [3] 
the tvpe of polycythemia should be deter- 
mined, as specific therapy may be indicated 
(surgery for pulmonary arteriovenous fistula) ; 
[4] when focal cerebrovascular insufficiency 
occurs in patients known to have polycythemia, 
the polycythemia should be controlled as rap- 
idly as possible; and [5] it may be necessary 
to administer anticoagulants for a variable 
period, depending on the frequency and sever- 
ity of the episodes of focal cerebrovascular in- 
sufficiency. 

The concepts of the pathogenesis of inter- 
mittent insufficiency in the carotid and verte- 
bral-basilar systems are briefly reviewed. The 
clinical evidence of polycythemia as a factor 
in pathogenesis is discussed. 
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Meningeal tumors with 


extracranial metastasis 


A clinicopathologic report of 2 cases 


Maj. Francis Kruse, Jr., M.C., U.S.A.F. 


Numerous Cases of metastasis of primary in- 
tracranial tumors to extracranial sites have 
been reported, but only a small proportion 
have been entirely acceptable. In a review of 
48 cases cited from the literature up to 1952, 
Winkelman, Cassel, and Schlesinger! conclud- 
ed that only 9 cases were valid—1 case of ma- 
lignant hemangioendothelioma? and 8 primary 
meningeal tumors;*-§ one of the meningeal tu- 
mors that they included, however, was most 
probably a case with direct extracranial exten- 
sion, rather than metastasis.* Since 1952, there 
have been 12 additional well documented cases 
of meningeal tumor that metastasized to extra- 
cranial sites.°-!® A further case of meningioma 
in which metastasis to the liver occurred was 
reported by Shozowa,”° but the tumor was not 
described in detail or illustrated. The salient 
features of the cases regarded by the author as 
valid are summarized in the table. 

Among 803 cases of meningeal tumor at the 
Armed Forces Institute of Pathology, there 
were 2 in which extracranial metastasis oc- 
curred. A report of them follows. 


CASE REPORTS 


Case 1. (AFIP Acc. 584563) The initial symp- 
toms in a white man aged 19 years arpeared in 
December 1942 in the toe of a pln mal sei- 
zure, which was ushered in by a sensation of light 
in the left visual field followed by a sensation of 
dizziness. The seizures continued at approximately 
six-week intervals and were usually preceded by 
a sensation of flashing red light with a white cen- 
ter in the left visual field. The patient also com- 
plained of occasional occipital headaches and 
reduction of vision in his left eye. 


He entered hospital in April 1944. His mental 


status was found to be apparently normal. Fundu- 
scopic examination disclosed bilateral papilledema 
of 1 diopter. There was an homonymous left in- 


ferior visual field defect. Slight left facial weak- 
ness of central origin was noted. Station and gait 
were normal, and tests of coordination were satis- 
factorily performed. The deep muscle reflexes were 
brisk and equal. No pathologic reflexes were 
elicited. Sensibility was fully preserved. Roent- 
genograms of the skull revealed thickening of the 
right occiput, with a radiating “sunburst” effect 
in the inner and outer tables of the skull, which 
was regarded as diagnostic of meningioma. A 
pneumoencephalogram indicated the presence of 
a right occipitoparietal tumor. 

Right parietooccipital craniotomy was performed 
on May 31, 1944. A tumor was located on the 
right side of the sagittal sinus, and extending into 
it from the internal surface of the skull were 
spicules of bone. Because of excessive loss of 
blood, the operation was terminated without re- 
moval of any of the tumor. Reexploration was 
done on October 18, 1944. The dura, which was 
greatly thickened, was incised about 5 cm. to the 
right of the midline. Firmly attached to the re- 
flected dural flap was a tumor about the size of 
an orange, which involved the sagittal sinus; for 
this reason, only a part of it was removed. Con- 
valescence was uneventful, and the patient was 
discharged from hospital on anticonvulsant medi- 
cation. 

Six months later, he spent a few days in a hos- 
pital for control of the seizures, which began in 
his left fourth and fifth fingers, “marched” in jack- 
sonian fashion, and culminated in a generalized 
convulsion. In 1947, active pulmonary tubercu- 
losis of the right upper lobe was found and he 
was again hospitalized. The tuberculosis responded 
well to therapy, but the seizures became increas- 
ingly difficult to control. Defective insight, faulty 
judgment, ideas of reference, and impairment of 
memory for past events gradually set in. He was 
found dead in bed on December 19, 1952, the 
outcome apparently of a convulsion. 


From the Armed Forces Institute of Pathology, Washing- 
ton, D.C. 


Read at the eleventh annual meeting of the American 
Academy of N logy, Los Angeles, April 18, 1959. 
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Postmortem observations. A firm tumor, 7 x 4 x 4 
cm., was situated between the occipital lobes and 
was attached to the dura. The cerebral convolu- 
tions immediately adjacent to the mass were 
atrophic, and the sagittal sinus appeared to be 
obliterated. 

Examination of the lungs revealed 3 nonencap- 
sulated tumors in the anterior part of the left 
lower lobe. They were immediately subpleural, 
and their cut surfaces were firm and gray-white; 
2 similar tumors were also found in the right lower 
lobe. An encapsulated tumor, 5x 4x 2.5 cm. and 
of similar appearance, was present in the left pos- 
terior mediastinum. 

Microscopically, the meningeal tumor was com- 
posed of fairly large cells, with many indistinct 
cytoplasmic borders, arranged in sheets and occa- 
sional whorls (Fig. 1A). Smaller cells of similar 
structure were also found. There were a few con- 
centrically laminated hyaline structures, some of 
which had a calcified core (psammoma bodies). 
No mitotic figures were seen. The tumor was rather 
sparsely vascularized. Sections from the tumors 
in the lungs and mediastinum (Fig. 1B and C) 
revealed a highly similar cellular composition and 
structure. A reticulum stain revealed only sparse 
reticulum fibrils, primarily in the vicinity of blood 
vessels. Changes observed in the upper lobe of 
the right lung were compatible with those of 
healed tuberculosis. 


Case 2. (AFIP Acc. 211158) A white man, 
aged 55 years, had a chronic illness that brought 
him to hospital in 1940 complaining of dizziness, 
diplopia, bilateral frontal headaches, dysphagia, 
and a sensation of formication in the fingers of the 
left hand. At that time, he had a moderate ar- 
terial hypertension and left hemiparesis. A diag- 
nosis of cerebral thrombosis was made. His con- 
dition gradually improved, and, after two months, 
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Fig. 1. (Case 1) Meningeal [A], 
ulmonary [B], and mediastinal 
C] tumors. Note the striking 

similarity in cellular constitu- 

tion and pattern in the primary 

and secondary tumors. All x 

305. Hematoxylin-eosin stain 


he was discharged from hospital. Subsequently, 
he was fairly well except for limitation on activity 
imposed by the left hemiparesis. His blood pres- 
sure remained around 170/100. 

He was again admitted to hospital on August 
27, 1947, because of sudden loss of consciousness 
during the preceding evening. He was comatose. 
His pupils were small, round, regular, and non- 
responsive to tight. Deep muscle reflexes were 
equal and slightly hyperactive. There was ankle 
clonus and a positive Babinski response bilaterally. 
Death occurred eight hours after admission to 
hospital. 

Postmortem observations. Extensive subarach- 
noid hemorrhage, presumably due to rupture of a 
berry aneurysm, was noted. Within the dura just 
to the left of the midline in the midfrontal region 
was a firm, gray-white spherical tumor, 2 cm. 
in diameter. It had indented but not invaded the 
left cerebral hemisphere. The periphery of the 
upper lobe of the right lung contained a circum- 
scribed pale gray nodule, 8 mm. in diameter. Its 
cut surface was firm. 

The meningeal tumor was composed chiefly of 
spindle cells with elongated nuclei, arranged in 
interlacing bundles and whorls (Fig. 2A and B). 
Scattered here and there were clusters of meningo- 
thelium-like cells and numerous laminated struc- 
tures (psammoma bodies) showing hyalinization 
and calcification. Collagen and reticulum fibers 
were sparse. No mitotic figures were seen. Histo- 
logically, the tumor beneath the thickened pleura 
was identical with that of the meninges (Fig. 2C 
and D). It was sharply delineated from the sur- 
rounding lung parenchyma. 


DISCUSSION 


In the 2 cases presented, the histologic ap- 
pearance of the pulmonary and mediastinal tu- 
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mors was such as to identify them as of intra- 
cranial origin. In neither case did the pulmo- 
nary tumor resemble, even remotely, primary 
epithelial bronchogenic tumor, malignant mes- 
enchymoma, or malignant or benign mesothe- 
lioma. Malignant mesenchymoma is a com- 
plex tumor that has 2 or more structural com- 
ponents of mesenchymal origin. While these 
tumors contain areas compatible with fibrosar- 
coma, their histologic appearance is decidedly 
different from that observed in the meningio- 
mas presented in this report. The mesothelio- 
mas have been the subject of considerable 
argument, with some authors doubting that 
they exist.*! Stout,?? however, has described 
both a malignant and a benign form of meso- 
thelioma of the pleura. The malignant meso- 
thelioma was characterized by centrifugal 
growth over broad areas of pleura, with the 
formation of tracts and spaces lined by cells 
resembling the lining of serous membranes 
when their cells are swollen from irritation. 
The benign solitary fibrous mesothelioma of 
the pleura was composed of patternless spindle 
cells, collagen, and reticulin fibers. “Such dis- 
orderliness and lack of organized pattern,” 
Stout remarked, “sets this tumor apart from all 
other fibrous growths, and makes it relatively 
easy to recognize.” It is obvious that the tu- 
mors described in this report are radically dif- 
ferent from primary mesenchymal tumors. 
Autopsies performed in both the cases pre- 
sented were sufficiently complete to rule out 
the possibility of a primary tumor elsewhere 
than noted. From the standpoint of the clin- 
ical history in Case 1, symptoms of a menin- 
geal tumor appeared ten years before death, 
further establishing the primacy of the intra- 
cranial tumor. In Case 2, both the meningeal 
and pulmonary tumors were apparently asymp- 
tomatic and were discovered incidentally at 
autopsy. 
The sites of extracranial metastases from 
meningeal tumors, as noted in all the cases list- 
ed in the table, are indicated in Figure 3. The 
preponderant sites of metastasis are the lung 
and pleura. Of the recorded cases, 2 are ex- 
ceptional in that metastases were found only 
in the cervical lymph nodes,!:!7 which they 


had reached by way of regional lymphatics, 


following direct extension of the tumor through 
the skull into the subcutaneous tissue. 


EXTRACRANIAL METASTASIS 


2 

Fig. 2. (Case 2) [A and B] Primary menin- 
geal tumor. Note typical meningioma _pat- 
tern and psammoma bodies. [C and D] 
From the pulmonary metastatic tumor. Note 
the attachment of the tumor to the thick- 
ened pleura. The appearance of the menin- 
geal and pulmonary tumors is virtually iden- 
tical, A and C, x 98; B and D, x 305. 
Hematoxylin-eosin stain 


Metastases occurred in the liver and/or 
kidney in 5 cases. These cases were all de- 
scribed as fibrosarcomas or in other terms 
denoting some histologic evidence of malig- 
nancy. It is believed that the metastases to 
the liver and kidneys were blood-borne from 
pulmonary tumors, which were also noted in 
2 cases. In the 3 cases in which pulmonary 
tumors were not noted, it is presumed that 
pulmonary metastases were overlooked or had 
possibly undergone regression. 

In order that blood-borne metastasis may 
occur, tumor cells must have access to vascular 
channels. In explanation of the attainment of 
such access, we would point out the particular 
ability of meningiomas to involve contiguous 
structures by a process of permeation. Such 
permeation may occur in both directions from 
the origin of the tumor in the dura, resulting 
in infiltration of the skull or penetration of the 


brain along the Virchow-Robin spaces. In- 
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TABLE 
DATA ON 20 METASTATIC MENINGEAL TUMORS 
Operations prior Dia i. 
to discovery of Site(s) of as given by 
Authors Age Sex Duration® Location tasi: tasi. author 
Cushing and 
Eisenhardt* 35 =F 5 yr. Left fronto- 17 operations Lung Fibrosarcoma 
temporal over 13 years 
Jurow* 72 ? Parasagittal, None Lung, pleura Transitional menin- 
vertex gioma with psam- 
moma bodies 
Hamblet® 42 M 2mo. _ Parasagittal None Liver Arachnoidal fibro- 
blasotma 
Russell and Sachs’ 
ase | 33. «OF 3% yr. Right parieto- Thrice, with inter- Lung, pleura, Malignant arachnoid 
occipital, para- _—vals of 1 and lymph nodes, fibroblastoma 
sagittal 1% yr. lumbar vertebra 
Case 2 38 «OF 15 yr. Left temporal lobe Twice, with an Liver, lung, Meningioma, then 
interval of 13 yr. iastinum rosarcoma 
Case 3 12 F 6 yr. Right occipital, Thrice, with anin- Pleura Poorly differentiated 
parasagittal terval of 2 mo. fibrosarcoma 
Dublin‘ 83 M ? Right parieto- None Lung, pleura Fibrosarcoma 
occipi para- 
sagittal 
Winkelman, Cassel, 
and Schlesinger* 54 M  41mo. Parietal, para- Thrice, with inter- Lungs Fibrosarcoma 
sagittal vals of 3 yr., 
and 2 mo. 
Cross and Cooper® 52 M 7 yr. Left parietal, Thrice, with inter- Lungs Malignant menin- 
parasagittal vals of 2 yr. gioma 
and 4 yr. 
Christensen, Klaer, 
and Winblad® 

Case 1 38 M_= 24yr. Parasagittal Twice, with anin- Liver, kidney Fibrosarcoma 

terval of 7 yr. 

Case 2 40 M = 13yr. Parasagittal Once Lung Meningioma 
Swingle® 39 M 8mo. Right parasagittal Once Lung Meningiesarcoma 
Ziilch, Pompeu, 47 M_= 22yr. Right fronto- Once Liver, lungs, Malignant menin- 

and Pinto” parietal kidney gioma 
Lima™ 55 M 16yr. Parasagittal Six times Cervicallymph Meningioma 
node 
Laymon and Becker” 72 M 7 yr. Right parietal None Cervicallymph Meningioma 
node 
Rosen and Branch*® 44 M 4mo. Right temporal Once Liver Meningeal sarcoma 
Simpson™* 56 F 3 yr. Left frontal Twice, with an in- Lungs Malignant menin- 
parasagittal terval of 1 yr. gioma 
Ringsted"? 50 M Parasagittal Once Lungs, pl Meningi 
Shtern’s 39 +M ? Parasagittal None Lungs, plura Meningioma 
Gibbs” 23. F 3yr.,8 mo. Parasagittal Once with Lungs Meningioma 
(to death) finding tumor 
Present cases 
Case 1 21 M 10 yr. Right occipital, Twice, with inter- Lungs, posterior Meningioma 
parasagittal val of 5 mo. mediastinum 
Case 2 62 M ? Left frontal None Pleura Meningioma 
parasagittal 
*Duration of symp at time of initial surgery or death 
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volvement of dural sinuses by meningiomas is 
common. This was observed, for example, in 
14 per cent of the 235 meningiomas studied 
by Simpson.’* Actual invasion of a dural sinus, 
with tumor present within the sinus lumen, 
has not been observed in any of the recorded 
cases of metastatic meningioma. The intimate 
relationship of pacchionian granulations to 
sinus lumina in normal histology is such, how- 
ever, as to suggest that ample opportunity 
exists for actual invasion of the sinus and the 
subsequent production of tumor emboli. 

Introduction of tumor emboli into vascular 
channels as the result of surgical intervention 
has been suggested as a mechanism of initiat- 
ing metastasis. Such a possibility could be 
ruled out in 5 of the cases listed in the table, 
as no intracranial exploration was carried out 
during the patient's lifetime. 


SUMMARY 


Tumors arising in the meninges and metas- 
tasizing te the lungs in 2 patients are reported. 
In 1 of them, metastasis occurred also in the 
posterior mediastinum. The primary tumors 
and metastases in both cases had histologic 
features characteristic of meningioma of essen- 
tially benign nature. These 2 cases bring the 
total of recorded verified metastatic meningeal 
tumors to 22. 


5 
Cervical nodes 4 ( 
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Kidney [2| | | INGEAL TUMORS 


Fig. 3. Extracranial sites of metastasis in 
22 cases of meningeal tumor listed in table 
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Study of septal stimulation 


and ablation 


in the macaque monkey 


Charles L. Votaw, M.D., Ph.D. 


IN RECENT YEARS, there has been considerable 
interest in the rhinencephalic and/or limbic 
structures of the telencephalon because of the 
possible relationship of these areas to affective 
behavior. The septal area, an integral part of 
these systems, lies just anterior to the rostral 
end of the diencephalon and, by its position, is 
well located to act as a relay station for both 
ascending and descending impulses. Research 
has shown that these septal areas are part of a 
pathway involved in the relaying of nonspecific 
sensory information to the rhinencephalon. 
These areas also receive impulses from the for- 
nix, which has often been considered to be 
chiefly an efferent hippocampal pathway. 

If the septal area is a part of the neural 
mechanism involved in affective behavior, im- 
pulses passing through it may be concerned 
with movements that accompany such behav- 
ior. Therefore, an investigation was planned 
to ascertain whether any movement would re- 
sult from electrical stimulation of the septal 
nuclei. If motor responses should occur on 
stimulation, the neural pathways mediating 
these functions should warrant study. 

The areas of direct concern in this paper 
are those of the medial and lateral septal 
nuclei as described by Lauer! in his study of 
the macaque forebrain. Not considered in this 
study, but a part of the septal area, are the 
nucleus of the diagonal band of Broca, the 
nucleus accumbens, the bed nuclei of the an- 
terior commissure and stria terminalis, and 
the nucleus septalis triangularis. This septal 
area is located in the subcallosal region of the 
medial wall of the hemisphere, posterior to 
the frontal cortex and superior to the olfactory 
tubercle. It covers an area anterior and super- 
ior to the anterior commissure. The medial and 
lateral septal nuclei are contained in this area, 
the lateral occupying the greater portion of the 
space. The medial, which is considerably 
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smaller than the lateral, lies ventral, caudal, 
and medial to the lateral septal nucleus. 


MATERIALS AND METHODS 


Aseptic surgical procedures were carried out 
on 5 monkeys (Macaca mulatta). The animals 
were unselected as to sex and had not been 
subjected to previous experimentation. Pre- 
operative testing showed these monkeys to be 
healthy and neurologically asymptomatic. The 
animals had not received training of any sort 
before the procedures were carried out. Ether 
anesthesia was used for all operations. 

In monkey No. 1, exposure of the left septal 
area was accomplished by a frontal craniec- 
tomy and removal of a part of the prefrontal 
cortex just anterior to area 6. In this manner, 
the lateral ventricle was opened and the septal 
area was revealed on the medial wall of the 
ventricle. A unipolar stimulating electrode was 
then placed directly on the septal area so that 
the region could be electrically stimulated. 
For this and all the following procedures, a 
Grass Co. $4 stimulator was used, with a rectal 
plug as the indifferent electrode. A frequency 
of 40 stimulations per second and a pulse du- 
ration of one millisecond were used throughout 
all experiments. The stimulus strength varied 
from 3 to 10 volts. The animal was closely ob- 
served for any movements resulting from the 
stimulation, and motion pictures were taken. 
After three weeks, a similar stimulation was 
attempted on the right side. However, techni- 
cal difficulties precluded stimulation of the 
right nuclei in this animal. 

The septal regions of monkeys No. 2, 3, and 
4 were stimulated with the aid of a No. 4 Lab- 


From the Laboratory of Comparative Neurology, Depart- 
ment of Anatomy, University of Michigan, Ann Arbor. 
Read at the Section of N: ical Sci at the 
eleventh annual meeting of the American Academy of Neu- 
rology, Los Angeles, April 16, 1959. 
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Fig. 1. Frontal view (left) and sagittal view (right) of the septal area. X’s represent the 


ints 


stimulated which pees movement and O’s, the points stimulated after section of the fornix 


and which then di 


not produce movement. 


Tronics stereotaxic instrument. The coordinates 
of the electrode were obtained before the pro- 
cedure by fitting the head of an autopsied 
animal, with the septal area exposed, into the 
machine and taking the readings directly. 
Stimulation and recording of any possible 
movement were carried out as before. In these 
cases, both sides were stimulated during the 
same experiment. 

In the remaining animal, monkey No. 5, the 
fornices were completely severed by means of 
2 parietal craniectomies, 1 for each side, per- 
formed three weeks apart. A part of the parie- 
tal lobe was removed to provide entrance to 
the lateral ventricle and to reveal the posterior 
part of the hippocampus and the fornix. Two 
months after these procedures, the septal area 
was stimulated bilaterally with an electrode 
that had been placed with the aid of the 
stereotaxic apparatus. 

After stimulation, lesions were placed in the 
septal region of all animals as a part of each 
procedure. The septal area was completely re- 
moved from the left side in the case of monkey 
No. 1. In the remaining animals, electrolytic 
lesions were made at all points where move- 
ment had been obtained. 

After completion of the stimulation and 
ablation parts of each experiment, the opera- 
tive wound was surgically closed and the 
animal allowed to recover from the anesthesia 


before being returned to his cage. Each ani- 
mal was observed daily to the time of sacrifice 
for any changes of behavior resulting from the 
lesions. 

Survival times varied from sixteen days to 
four months. All animals were sacrificed with 
an overdose of a barbiturate anesthetic (Evi- 
pal), and the bodies were immediately per- 
fused intracardially with a solution of 10% 
neutral formalin. The brains were then re- 
moved and fixed in formalin. Microscopic 
slides of each brain, including the brain stem, 
were prepared according to the Marchi technic 
as modified by Swank and Davenport.? The 
microscopic slides defined both the exact elec- 
trode position and the location of the degen- 
erated myelin resulting from the lesions. 


EXPERIMENTAL OBSERVATIONS 


Various points, illustrated in Figure 1, were 
stimulated during the several operations in the 
5 monkeys. The locations of these points were 
confirmed by a study of the microscopic slides. 
Adequate stimulation produced a gross type 
of muscular movement of the face and upper 
extremities. The movements were bilateral 
but were much stronger in the face region on 
the side of the stimulation. They consisted of 
partial closing of the interpalpebral fissure, 
flaring of the external nares, retraction of the 
corners of the mouth, internal rotation and 
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flexion of the shoulders, flexion of the elbows, 
and closing of the fists. When the stimulated 
point was more inferior in the septal region, 
the movements of the upper extremity tended 
to be prominent. Other than this, there was 
no obvious localization pattern. 

In monkey No. 5, in which the fornix had 
been completely severed on both sides, stimu- 
lation of the septal area did not result in move- 
ment of any kind. Here, and in the previously 
described cases, however, constant stimulation 
at the higher strengths of stimulus resulted in 
a type of arousal of the animal. He appeared 
as if he were coming out of the anesthesia. 
When, however, the stimulation ceased, he re- 
turned to the previous anesthetic level without 
additional anesthesia. 

When electrodes were oriented in the mon- 
key brains by stereotaxic equipment, lesions 
were placed at those points at which stimu- 
lation caused movements. These lesions were 
small and were made in each septal area but 
in no case were they bilaterally symmetric. 
In this group of animals, no differences were 
noted between the preoperative and the post- 
operative behavior pattern. The monkeys re- 
acted in their home cages like normal monkeys 
who had not undergone any surgery. They 
had no observable motor defects, moved and 
climbed about well, and presented no problem 
in feeding or postoperative care. 

The entire left septal area and the anterior 
third of the right septal area were removed 
from monkey No. 1, in which the septal areas 
had been exposed directly. In this animal, the 
middle and posterior thirds of the right septal 
area were not damaged but there was a large 
lesion in the head of the left caudate nucleus 
and in a portion of the prefrontal cortex on 
both sides. This animal, when observed post- 
operatively, moved incessantly, stopping only 
an instant to make a quick observation. No 
other abnormality of behavior was noted. His 
reaction to being captured was that of a nor- 
mal monkey. 

In addition to providing the locations of 
points of stimulation, the Marchi material 
showed the position of the degenerated tracts 
resulting from the lesions that were placed 
during the operative procedures. Such degen- 
eration was found in 3 of the 5 animals; in 
monkeys No. 2 and 4, it resulted from stereo- 
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taxically placed lesions and, in the third animal 
(monkey No. 1), was related to the direct re- 
moval of the left area. 

It may be surmised that any lesion of the 
septal area will destroy a large proportion of 
the precommissural fibers of the fornix. If the 
lesion extends to the posterior regions of the 
septal area, the postcommissural fornix fibers 
also become involved. In the experimental 
material, degeneration granules were followed 
from the area of the lesion, over the anterior 
commissure, downward along the postcom- 
missural fornix, and into the hypothalamic 
nuclei to end mostly in the mamillary nuclei. 
In one case, degeneration was also found in 
the medial forebrain bundles, but this was due 
to direct involvement of the tract in the lesions. 
Though such degeneration was present, it 
could not be determined with certainty whether 
it was due to destruction of the cells of the 
septal area or of the fibers passing through this 
area. 

Of more direct significance is the observa- 
tion that lesions of the septal area and/or for- 
nix fibers cause a degeneration in a posterior 
direction along the body of the fornix. These 
granules were followed into the fimbria along 
the entire length of the hippocampus. Esti- 
mation of the total amount of degeneration 
present indicated that the septal area dis- 
charges uniformly to all parts of the hippo- 
campus. The fibers enter the alveus from the 
fimbria (Fig. 2C) and then turn off to end in 
all zones of the stratum lucidum and polymor- 
phic cell layer of Ammon’s horn and among 
the polymorphic cells of the dentate gyrus. 
They tend to be more concentrated in zones 
CA, and CA, of Lorente de No.* 

A more detailed description of the degener- 
ation is warranted for monkey No. 1, from 
which the left septal area was removed com- 
pletely. The location of the degenerated re- 
gions is illustrated in Figure 2. It should be 
remembered that, in this monkey, there were 
also lesions of the left caudate nucleus and 
the prefrontal cortex of both sides. However, 
a rather large amount of degeneration can be 
followed from the area of the septal lesion 
(Fig. 2A) into the body of the left fornix. 
Approximately 30 to 40% of the total number 
of fibers in the body of the fornix were de- 
generated. At this point, a very small number 
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SEPTAL AREA 


ANTERIOR COMMISSURE 


CORPUS CALLOSUM RIGHT FORNIX 


HIPPOCAMPUS FIMBRIA 


Fig. 2. Photomicrographs of the Marchi material from monkey No. 1, in which the complete 
left — area was removed. [A] Lesion in the left septal area (x 13). [B] Major degenera- 


tion ( 


lack granules) in the body of the left fornix just posterior to the septal area (x 13). 


[C] Degeneration granules in the left fimbria, turning out to the alveus (x 40) 


of degenerated fibers were present in the body 
of the right fornix (Fig. 2B). As this degener- 
ation was followed posteriorly, a few fibers 
crossed beneath the corpus callosum. How- 
ever, a large majority of the fibers remained 
ipsilateral to the side of the lesion. There was 
uniform distribution of the fibers to the hippo- 
campal formation of each side. 

In résumé: stimulation of the septal area 
produces facial and upper extremity move- 
ments; section of the fornix eliminates the 
movements obtained from septal stimulation; 
lesions that include a large portion of the 
septal area but also the frontal cortex adjoining 
this area may cause a hyperkinetic state in the 
animal; and, following lesions in the septal 
area, there is a prominent degenerated path 
that is evidently afferent with respect to the 
ipsilateral hippocampus. 


DISCUSSION 


Stimulation of the septal area of experimen- 
tal animals has produced many types of re- 
sponses. Thus Kabat, Magoun, and Ranson,** 
Hodes and Magoun,° and Gloor® have reported 


changes in blood pressure and respiratory rate 
and depth, contraction of the bdadder with 
micturition, piloerection, and changes in size 
of the pupils secondary to septal stimulation 
in a cat. Andersson!® obtained cold defense 
reactions from such stimulation in the goat. 
Olds and Milner! concluded from self-stimu- 
lation experiments in the rat that there is a 
pleasure-reinforcing center located in the septal 
area, and Trembly'? noted enhancement of 
pleasure reactions resulting from electrical 
and chemical stimulation of the septal area 
in the cat. In addition to the autonomic 
responses obtained in cats, Hodes, Peacock, 
and Heath!*-1!6 found that stimulation of the 
septal area produces facilitation and/or in- 
hibition of both reflexly and cortically induced 
motor movements. 

Since stimulation of the septal area appears 
to affect somatic and visceral components of 
the efferent nervous system, as well as to cause 
certain affective responses in the animal, it is 
not surprising that stimulation of the same 
area causes contraction of voluntary muscles. 
Trembly'? noted that stimulation caused a 
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Fig. 3. Transparent representation of a 
left medial view showing the pathways 
discussed in this paper. The dark fibers 
represent those described in this investi- 
gation and by Votaw.*8 The broken fibers 
are those suggested in the discussion. 


turning of the head in conscious cats. The 
movements obtained in the present group of 
experiments were of a generalized nature, 
there being only slight suggestion of a locali- 
zation pattern. This type of motion can logi- 
cally be assumed to be the type that would 
accompany an emotional response. 

Some authors have studied the response of 
animals after ablation of the septal regions. 
Complete bilateral removal of the septal area 
of the rat by Brady and Nauta!™-!5 and by 
Tracy and Harrison’® caused increased emo- 
tionality and startle reaction and a decreased 
aversive behavior response. Contrary to these 
results is the report of Harrison and Lyon?® 
that no significant increase in emotionality re- 
sulted from such lesions in the rat (they re- 
ported docility in some) and Bond and as- 
sociates*! reported changes of emotionality 
only when the fornix fibers and anterior part 
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of the thalamus were involved in the lesions. 
There appears to be some question concerning 
the effects of a bilateral lesion of the septal 
area. In the present series of experiments, 
complete bilateral removal was not accom- 
plished in any of the animals. Only 1 animal 
showed a change in behavior, that of a slight 
hyperkinesia. However, this same animal had 
a portion of the frontal lobe removed on both 
sides as well, and thus no definite conclusion 
can be drawn. Possibly lesions must be large 
enough to include more than just septal con- 
nections to cause a visible effect, or, perhaps, 
the testing methods used were not of a suf- 
ficiently precise nature to determine minor 
defects that may have been present. 

A review of the connections of the septal 
areas is obtainable in the text by Kappers, 
Huber, and Crosby.?* Since the publication of 
this text, further morphologic descriptions of 
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the connections of this area have appeared in 
the studies of Wallenberg?* on the guinea pig, 
Young** on the rabbit, Fox?® on the cat, and, 
of special importance for this study, Lauer! on 
the monkey. It is evident from these reports 
that the septal nuclei receive connections from 
the olfactory bulb, frontal cortex, and amyg- 
daloid nuclei; that they are interconnected 
with the olfactory tubercle, hippocampus, dor- 
sal thalamus, hypothalamus (the last connec- 
tion by way of either the medial forebrain 
bundle or the postcommissural column of the 
fornix), and diagonal band of Broca; and that 
they send efferent fibers to the habenula. All 
the nuclei of the septal region are richly in- 
terconnected. Although the material used in 
this series of experiments is insufficient to 
confirm many of these connections, certainly 
some of them are implied and there is no 
evidence to suggest that any of these connec- 
tions do not exist. 

As early as 1917, Crosby,?® studying Golgi 
material of the alligator forebrain, suggested 
that the lateral septal nucleus is a way station 
for descending impulses coming from the hip- 
pocampus and that the medial septal nucleus 
has a similar relation to ascending impulses 
going to the hippocampus. Loo,?? Young,*4 
Fox,”5 and Lauer! have all made similar sug- 
gestions from the study of normal material of 
the opossum, rabbit, cat, and monkey, re- 
spectively. It should be emphasized that these 
conclusions were made from normal material. 
However, an unproven assumption has been 
prevalent that the fornix is purely an efferent 
bundle of fibers with respect to the hippo- 
campus, containg no afferent hippocampal 
fibers. 

Campbell and Sutin?® stimulated the fornix 
of rabbits and cats and noted that this caused 
electrical responses in the hippocampal pyra- 
midal cells. Similarly, Morin and Green?® 
found that stimulation of the fimbria of guinea 
pigs and cats caused after-discharges over the 
cerebral cortex and cerebellum. These after- 
discharges were not eliminated by fornix sec- 
tion. Green, Adey, and Arduini**-8? have 
noted that olfactory, visual, auditory, and 
somesthetic stimulation caused responses of a 
peculiar “arousal” type in the hippocampus 
of cats, monkeys, rats, and rabbits. These 
hippocampal responses were eliminated by re- 


moval of the septal areas. They also found that 
stimulation of the ascending reticular system 
gave similar hippocampal responses that were 
also eliminated by septal ablation. The physio- 
logic data very definitely suggest that there 
are fibers in the fornix, afferent with respect to 
the hippocampus. Further electrophysiologic 
studies by Stoll, Ajmone-Marson, and Jasper** 
in the cat and by Cragg and Hamlyn** in the 
rabbit suggest that the septal areas are inter- 
connected with the temporal pole and the sub- 
iculum by way of the fornix. 

McLardy,*5.36 using retrograde cell degener- 
ation technics, suggested the possibility of 
septohippocampal fibers in the monkey, since 
section of the fornix caused a retrograde de- 
generation of the cells in the medial septal 
nucleus. Morin,’7 using the Marchi method 
on the guinea pig, found that lesions of the 
septal area caused degeneration in the as- 
cending part of the fornix. 

The present study strongly suggests that 
fibers, the cell bodies of which are located in 
the septal area, course through the fornix to 
the hippocampus and terminate about the 
pyramidal cells in this area. It may be remem- 
bered that facial movements obtained on stim- 
ulation were eliminated when the fornix was 
cut. This suggests that the impulses travel 
from the septal area to the hippocampus. Vo- 
taw®S has shown that stimulation of the hip- 
pocampus of the macaque causes a type of 
movement similar to that obtained in these 
experiments on the septal area. By selective 
sectioning, he also found that the pathways 
carrying impulses that mediate these move- 
ments are directed to the hippocampal gyrus 
and the ten:poral lobe. He indicated the pos- 
sibility that the impulses were then relayed to 
the tegmentum of the brain stem by temporo- 
tegmental pathways. 

From the evidence in the present set of 
experiments and from a survey of the litera- 
ture, one may formulate some concept of the 
possible function of the septal area. Figure 3 
will aid in such a formulation. Olfactory im- 
pulses certainly reach the septal area. In 
addition to this afferent supply, most other 
sensory modalities also project to the septal 
area, but as nonspecific afferent impulses that 
have traveled by way of the ascending reticu- 
lar system. Another major source of afferent 
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impulses seems to be the frontal lobe, an area 
known to have some effect on the personality 
of the individual. Thus, the septal area repre- 
sents a region in which various sensory im- 
pulses are concentrated and probably associ- 
ated. The efferent discharge of these nuclei, 
then, represents a balance resulting from all 
the afferent impulses reaching the area. This 
discharge is by way of the postcommissural 
fornix column, the medial forebrain bundles, 
the diagonal band of Broca, and, of most con- 
cern for our purposes, the fornix itself. 

It is not unreasonable to assume, since many 
sensory modalities, including both visceral and 
somatic, are represented in the septal area, 
that this region is directly concerned with af- 
fective behavior and emotional expression. The 
impulses that mediate the expressive side of 
such behavior may travel by way of the fornix 
to the hippocampus. The hippocampus may 
regulate emotional expression by responding 
to the multitude of afferent information that it 
receives. The septal nuclei represent only one 
pathway for such afferent impulses, destruc- 
tion of which will only slightly alter, but cer- 
tainly not eliminate, hippocampal function. 
From the hippocampus, impulses reach the 
temporal lobe and are relayed to the brain- 
stem reticular areas, which then discharge im- 
pulses to the motor nuclei of the many peri- 
pheral nerves. The septal nuclei thus become 
an integral part of a neural arc concerned with 
emotional expression. 


CONCLUSIONS 


1. This investigation of the septal area of 
the macaque monkey is based on data from 
stimulation and ablation experiments. Addi- 
tional information has been obtained by a 
study of the degenerated pathways that re- 
sulted from the lesions produced. 

2. Adequate stimulation of the septal nuclei 
produces facial and upper extremity move- 
ments. There is no consistent pattern of move- 
ments represented in the septal area. Cutting 
the body of the fornix bilaterally eliminates 
responses obtained from such stimulation. 

3. Small lesions of the septal area, even 
when present on both sides, do not cause any 
observable changes in the behavior of the 
animals. There is suggestive evidence that 
larger lesions of the septal area, which include 


some destruction of the frontal cortex, produce 
hyperkinesia. 

4. A major efferent tract from the septal 
area is composed of fibers in the fornix, which 
are afferent with respect to the hippocampus. 
Each area distributes mainly to the hippo- 
campus of the same side with a small distribu- 
tion to the opposite hippocampus. 

5. It is suggested that a part of at least one 
neural are for emotional expression is repre- 
sented by a pathway that discharges from the 
septal nuclei to the hippocampi. An intact 
hippocampus is necessary for the proper func- 
tioning of this arc. 
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Cardrase: a new carbonic 


anhydrase inhibitor 


Its use in epilepsy 


Sidney Merlis, M.D. 


Srvc the initial reports of Bergstrom and as- 
sociates! and Merlis? on the use and clinical 
value of acetazolamide (Diamox), a carbonic 
anhydrase inhibitor, in the treatment of con- 
vulsive disorders, further reports have been 
published corroborating the usefulness of this 
class of compound. The present report deals 
with the effects of a new carbonic anhydrase 
inhibitor, ethoxzolamide (Cardrase), in the 
treatment of convulsive disorder. 


CHEMICAL DATA 


Ethoxzolamide (Cardrase) is a pure white, 
crystalline solid, odorless and tasteless. Chemi- 
cally, it is 6-ethoxybenzothiazole-2-sulfona- 
mide, with the structure as follows: 


CH,CH, SO.NH, 


The material is poorly soluble in water, forms 
soluble salts with alkali, is stable in the solid 
form, and is nonhygroscopic. It was made 
available for this study in tablets of 125 mg. 
and 62.5 mg. 


PROCEDURES AND RESULTS 


A group of 36 outpatients, consisting of 19 
males and 17 females ranging in age from 3 
to 59 years, was studied. All were under close 
observation and had been seen at fairly regular 
intervals for periods of from two months to 
four years before Cardrase was put into the 
therapeutic regime. All had received thorough 
physical examination and neurologic evalua- 
tion including electroencephalograms, as well 
as complete blood counts. 

Base line seizure incidence was established 
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and graded according to arbitrary criteria. 
Good control was definied as complete ab- 
sence of seizures or not more than | seizure 
per month. Fair control was indicated in pa- 
tients averaging 2 to 4 seizures per month. 
Poorly controlled patients were those having 
more than 4 seizures per month. All patients 
utilized in this study had fair to poor seizure 
control prior to the beginning of this study. 

Cardrase was gradually introduced in addi- 
tion to the previously prescribed therapy. 
Dosages of the new agent in the early period 
of this study were gradually increased, so that 
some of the patients received as much as 750 
to 1,000 mg. per day orally in divided doses 
with meals. As our experience increased, we 
felt that the anticonvulsant effectiveness of 
Cardrase did not increase with increased dos- 
age. It was found that effective seizure con- 
trol was maintained with dosages ranging 
from 125 to 375 mg. daily. As improvement 
appeared in some of our patients, efforts were 
made to decrease some of the previous medi- 
cation. In almost every instance, a significant 
decrease in related anticonvulsive medication 
was associated with an increase in seizure in- 
cidence. In only 1 case were we able to 
achieve adequate seizure control with Card- 
rase alone. This case was that of a 37-year-old 
female suffering from grand mal seizures oc- 
curring almost entirely just before or during 
her menses. She was placed on 125 mg. of 
Cardrase three times a day and has been 
seizure free for the nineteen months up to the 
time of this report. 


From the Research Division of the Central Islip State Hos- 
pital, Central Islip, N.Y. 


CARDRASE: CARBONIC ANHYDRASE INHIBITOR 211 
CarpraseE (Tabulated Results ) 
r———Seizure control* 
Before Cardrase After Cardrase 
Diagnosis Number Female Male Good Fair Poor Good Fair Poor 
Grand mal 21 9 12 6 15 12 s 2 
Petit mal 4 2 2 2 2 3 1 
Grand and petit mal 7 6 1 7 2 3 2 
Jacksonian 3 3 3 
Akinetic 1 1 1 1 
Total 36 17 19 0 9 27 21 1l 4 


°Criteria of seizure control: 


Fair: 2 to 4 seizures per month. 
Poor: More than 4 seizures per month 


Patients in this series have been observed 
for varying periods up to twenty-one months. 
The results are summarized in the table. Of 
the entire group, 4 patients continued to be 
poorly controlled even with the addition of 
Cardrase; 21 achieved good seizure control. 
None had good control prior to the use of 
Cardrase; 11 were considered to have fair 
seizure control, compared to 9 previously. 

Side effects were reported by 4 patients. 
Headaches, feelings of fatigue, mild gastric 
irritation, and some paresthesias of the perioral 
area and extremities were noted. It is signifi- 
cant that 1 patient who had previously been 
unable to tolerate Diamox because of peri- 
pheral paresthesia also could not tolerate 
Cardrase for the same reason. The side effects 
in the 4 patients could not be related to dosage 
inasmuch as 1 patient was sensitive to 62.5 
mg. of Cardrase daily. 


DISCUSSION 


Most of the cases used in this study were of 
the idiopathic type. The numbers of cases in 
the various categories of seizure types are too 
small to establish any statistically valid con- 
clusions. Nevertheless, a trend can be estab- 
lished as a result of the present findings. It 
would appear that Cardrase is effective as an 
adjunctive aid to be used in addition to other 
anticonvulsive therapies in the treatment of 
seizure disturbances. There is evidence that 
this agent is twice as potent as Diamox, so that 
one-half the dose usually required for the ad- 
junctive anticonvulsant action of Diamox is 


Good: Complete absence of seizures or not more than 1 seizure per month. 


needed for similar effects with Cardrase. It 
does not seem that the carbonic anhydrase in- 
hibitors act in a cumulative manner, inasmuch 
as increasing the dose of Cardrase above an 
effective level did not serve to improve seizure 
control. We were able, in some of our pa- 
tients, to switch from Cardrase to Diamox in 
appropriate doses without affecting the seizure 
incidence. Cardrase, like Diamox, has no sig- 
nificant sedative effect; consequently, patients 
with low sedation thresholds who were re- 
ceiving other anticonvulsants were able to 
tolerate the addition of the carbonic anhydrase 
inhibitor without difficulty. 

The incidence and nature of the side effects 
encountered were practically identical with 
Cardrase and Diamox. From our experience to 
date with these 2 carbonic anhydrase inhibi- 
tors, it is our opinion that both have essentially 
the same action clinically. Published reports 
of tue action of these compounds in epilepsy 
and various clinical disorders also tend to bear 
this out.3-* 

There has been much speculation regarding 
the physiologic significance of carbonic anhy- 
drase inhibition in epilepsy. With respect to 
the fundamental causes of seizures, various re- 
ports have suggested alterations in enzyme 
disturbance, cell permeability, electrolyte im- 
balance, and pH changes that may relate to 
anticonvulsive disorder. As yet, however, the 
precise physiologic basis of convulsive seizures 
has not been established. The demonstration 
that carbonic anhydrase inhibitors are agents 
with some anticonvulsant effect will give fur- 


212 


ther impetus to the study of seizure physiol- 
ogy. As more compounds of this class are in- 
troduced, further study may lead to a better 
understanding of the convulsive disorders. 


CONCLUSION 


1. A new carbonic anhydrase inhibitor, 
Cardrase (ethoxzolamide), was administered 
to 36 outpatients with convulsive disorder of 
various types. 

2. When Cardrase was added to the ex- 
isting medication, significant improvement was 
achieved in 21 of the 36 patients. 

3. The side effects, mode of action, and 
physiologic activity indicate that Cardrase be- 
haves essentially the same as Diamox, although 
the former has twice the potency. Both com- 
pounds are essentially interchangeable at ap- 
propriate dose levels without deleterious effects 
to the patient. 

4. The primary significance of the carbonic 
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anhydrase inhibitors in epilepsy, while of ad- 
mitted therapeutic value, lies in the fact that 
compounds of this class perhaps eventually 
will lead to further data that will help us to 
understand the pathophysiology of the con- 
vulsive state. 


Cardrase was supplied through the courtesy of the Upjohn 
Company, Kalamazoo, Mich. 
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Some aspects of tricarboxylic acid cycle 


metabolism in the central nervous system 


John N. Potanos, M.D., D.Sc.,° 


Aaron D. Freedman, M.D., Ph.D., 


and Samuel Graff, Ph.D. 


Tue central nervous system is delineated by 
certain biochemical characteristics that reflect 
its unique function. The system, representing 
but 2% of the total body weight of the mam- 
malian organism, is nonetheless responsible for 
20% of the basal metabolism, 25% of the total 
oxygen consumption, and 15 to 20% of the total 
cardiac output.1_ Under normal conditions, 
glucose forms the main oxidizable substrate 
of the central nervous system.?-* Fatty acids 
and acetate are oxidized only slightly, whether 
in vivo or in vitro.?-5-6 Glutamine is the only 
other major carbon source demonstrated to 
enter the intact central nervous system, al- 
though in insufficient amounts for energy re- 
quirements.? Further, there is little evidence 
of an active hexose monophosphate pathway 
in the central nervous system,’ nor is there 
evidence of metabolic response to any hormon- 
al substance. The relatively low levels of car- 
bohydrate reserves, that is, glycogen, cannot 
long maintain the normal metabolic activity of 
neural tissue. 

The chief energy source for the central 
nervous system is therefore blood glucose, 
which is degraded to pyruvate by the glycolyt- 
ic pathway and to carbon dioxide and water 
by the tricarboxylic acid (TCA) cycle. Pyru- 
vate can enter the TCA cycle in either of 2 
distinct routes, by oxidative decarboxylation 
to acetyl coenzyme A (CoA) or by conden- 
sation with carbon dioxide to form a dicar- 
boxylic acid. Pyruvate entering the TCA 
cycle as acetyl-CoA is coupled to the synthesis 
of high energy phosphate but does not produce 
a net gain in dicarboxylic acids. Alternatively, 
formation of dicarboxylic acids by carbon di- 
oxide fixation results in a net increase in the 
mass of TCA cycle intermediates, that is, syn- 
thetic intermediates are formed, but there is 


no direct formation of high energy phosphates. 
The TCA cycle of the central nervous system 
has been studied by administration of labeled 
pyruvate or, more precisely, its metabolic 
equivalent, DL-alanine-2C4, to rats and de- 
termination of the relative radioactivity of 
the individual carbon atoms of L-glutamate, 
(equivalent to alpha-ketoglutamic acid of the 
TCA cycle), isolated from central nervous 
system tissues. 


EXPERIMENTS 


Adult Sprague-Dawley rats weighing 400 
to 500 gm. were used. Animal groups BSH 
and BFH were gradually acclimatized in a 
pressure chamber over a period of four weeks 
to an altitude of 6,600 meters, equivalent to 
barometric pressure of 321 mm. Hg or oxygen 
concentration of 8.5%. Animals were main- 
tained at this level for two weeks before use. 
Only animals that were successfully acclima- 
tized, that is, without weight loss or other 
physical abnormalities, were utilized. Animal 
groups BSH and BSA were starved forty-eight 
hours before administration of isotope. Animal 
groups BFH and BFA were fed ad libitum and 
given 2.5 gm. glucose by gastric intubation 
thirty minutes before injection. No anesthetic 
agents were utilized. A dose of 5 mg. of DL- 
alanine-2C!4, 0.1 mec., was administered by 
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TABLE 1 


RELATIVE RADIOACTIVITY OF THE INDIVIDUAL 
CARBONS OF CNS GLUTAMATE 


Carbon 
number BFA® BFH*® BSA® BSH® 
I 26.0% 24.1% 21.4% 17.0% 
Il 4.2 3.3 5.7 13.4 
Il 74 8.7 11.3 8.8 
IV 18.5 18.3 18.0 15.0 
Vv 39.2 40.2 34.9 40.8 
Sum 95.3 94.6 91.3 95.4 


activity of individual carbon <x 100 
activity of total combustion x 5 


Percentage activity — 


*Pool of 3 brains 


intracardiac injection to each animal. All pro- 
cedures and manipulations before sacrifice of 
the acclimatized groups were performed in 
secondary chambers at 8.5% oxygen tension 
maintained by nitrogen dilution. 

All groups were killed by decapitation one 
hour after administration of isotope; central 
nervous system tissues were removed, mechani- 
cally homogenized, and hydrolyzed. L-glu- 
tamic acid was isolated and degraded accord- 
ing to previously described procedures.® 


RESULTS AND DISCUSSION 


The theoretic distribution of isotope in TCA 
intermediates after introduction of radioactive 
compounds has been discussed in a prior com- 
munication. These theoretic patterns corre- 
spond quite well to those determined experi- 
mentally in the isolated glutamate of various 
microbiologic and animal systems after ad- 
ministration of radioisotopic intermediates.1°-18 
The principal labeling patterns of glutamate 
carbons may be summarized as follows: 

Carbon V of glutamate is labeled as a re- 
sult of conversion of pyruvate-2C!4 (the de- 
aminated product of alanine-2C!4) to acetyl- 
1C!4CoA by decarboxylation. 

Carbons III and I become radioactive as a 
result of the conversion of pyruvate to dicar- 
boxylic acids by carbon dioxide fixation. 

Carbon I is labeled by both mechanisms. 

The Carbon IV label indicates the formation 
of acetyl-2C!4CoA by a mechanism to be dis- 
cussed further. 

The data indicate (Table 2) that 55 to 65% 
of the total radioactivity of glutamate derived 
from the central nervous system occurred in 
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Carbons V and I in ratios approaching 2:1. 
Therefore, the major portion of the adminis- 
tered isotope must have been converted to 
acetyl-1C14CoA, entering the TCA cycle for 
degradation to carbon dioxide and water and 
not for synthesis of TCA intermediates. Carbon 
IV, representing 15 to 18% of the total glu- 
tamate activity, indicates considerable forma- 
tion of acetyl-2C!* or acetyl-1,2C!4CoA. 

The possibility that Carbon IV might be- 
come radioactive as a result of the formation 
of acetyl-1,2C!4CoA by carboxylation of py- 
ruvate-2Cl4 followed by 2 sequential decar- 
boxylations is not consistent with the distribu- 
tion of radioactivity found. Carboxylation of 
pyruvate-2C14 would yield equally labeled 
malate-2,3C14. The radioisotope content of 
Carbon II of acetyl, and, hence, Carbon IV of 
glutamate, should not exceed that of Carbon 
III of malate under such a mechanism. Car- 
bons IV, III, and II of glutamate would be 
expected to approach identical isotope concen- 
trations, but Carbon IV could not exceed the 
radioactivity of Carbons III and II. These ex- 
pectations vary with experimental data. 

Reductive cleavage of succinate-2,3C!4 to 
form acetyl-2C!4 could conceivably introduce 
radioactivity into the noncarboxyl carbons of 
central nervous system glutamate. Although 
such cleavage has been observed in several 
systems, its quantitative significance in mam- 
malian tissues is doubtful. 

Hexose monophosphate reactions might re- 
sult in formation of acetyl-2C!4CoA and Car- 
bon IV of glutamate. As previously noted, 
however, available evidence indicates but little 
shunt activity in the central nervous system. 

The formation of glutamate-4C!4 elsewhere 


TABLE 2 
COMPARISON OF RADIOACTIVITIES 
OF INDIVIDUAL CARBON ATOMS OF LIVER AND 
CENTRAL NERVOUS SYSTEM GLUTAMATE 


Carbon 


Brain, Liver, Brain, Liver, 

number fed® starved starved® 

I 26.0% 15.3% 21.4% 7.7% 
II 4.2 18.1 5.7 27.5 
Ill 74 40.7 11.3 56.3 
IV 18.5 11 18.0 0.8 
Vv 39.2 20.3 34.9 3.1 
Sum 95.3 95.5 91.3 95.4 


= 


TRICARBOXYLIC ACID CYCLE METABCLISM 


in the body and its subsequent assimilation by 
the central nervous system could also possibly 
account for the labels in Carbons I, II, III, 
and IV of central nervous system glutamate. 
Such formation and transport would take time 
and would involve considerable dilution. The 
strongest objection to this mechanism, how- 
ever, is that the labeling pattern of glutamate 
obtained from the livers of similar experimen- 
tal animals (Table 2) is not the same as that 
in central nervous system glutamate, and, in- 
deed, Carbon IV of liver glutamate was hardly 
labeled at all. Even though an influx of glu- 
tamate from the liver into the central nervous 
system via the blood stream might serve to 
modify the ultimate labeling pattern of central 
nervous system glutamate, any significant in- 
put would tend to alter the pattern of central 
nervous system glutamate to approximate that 
of liver; the patterns would approach identity 
with time. The dissimilarity of the patterns of 
liver and central nervous system glutamate 
tends to minimize the probability that blood- 
transported glutamine is significant in the pro- 
duction of radioactivity in Carbon IV of cen- 
tral nervous system glutamate. 

Carbon metabolism as a source of radio- 
activity of Carbon IV of central nervous 
system glutamate is suggested by the labeling 
pattern derived from administration of for- 
mate-C!4 to rats, where a relatively large pro- 
portion of radioactivity was found in Carbon 
IV of isolated glutamate.'* Relatively large 
amounts of serine, glycine, ethanolamine, and 
choline are found in the central nervous sys- 
tem. If synthesis occurs in situ, an active 
carbon metabolism is implied. The principal 
source of glycine in animals is serine,’® which 
in turn is derived from 3-carbon intermediates 
of glycolysis.2° Glyoxalate might act as either 
a precursor or a product of glycine and might 
be catabolized to carbon dioxide and formate 
by formation of a Schiff base between glyoxa- 
late and glutamate.* Glyoxylic acid oxidase, 
in the presence of diphosphopyridine nucleo- 
tide, converts the Schiff base to N-formyl glu- 
tamic acid and carbon dioxide. N-formy] glu- 
tamate is in reversible equilibrium with Njo- 


formyl-tetrahydro-folic acid and glutamate.”? 


These mechanisms constitute the pathway for 
the alpha carbon of glycine to form the beta 
carbon of serine, potentially a source of the 
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alpha carbon of acetyl. The rapidity of the 
serine-glycine interconversion permits pyru- 
vate-2C!4 to act as a source of glycine-2C!4, 
serine-2C14, formate-C!4, and acetate-2C!4, 
all capable of labeling Carbon II of acetyl- 
In addition, there is close simi- 
larity in the labeling patterns of isolated glu- 
tamate obtained on administration of formate- 
pyruvate-3C4, glycerol-1,3C!4, or serine- 
3C}4, all potential sources of acetyl-2C!4CoA.18 
Experimentally administered pyruvate-2C has 
resulted in glycine-2C!4, which in turn yielded 
totally labeled aspartate,***> supporting the 
hypothesis. 

The data also demonstrate that the central 
nervous system glutamate labeling patterns 
were not significantly altered in response to 
alterations of 2 environmental circumstances, 
acclimatized hypoxia and starvation. This in- 
variance contrasts sharply with the situation 
in liver, where metabolic events were affected 
by the same environmental parameters.® 

Apparently, the central nervous system, a 
hormonally unresponsive organ, is metaboli- 
cally oriented toward the maintenance of a 
constant level of synthesis and energy pro- 
duction with but little margin for variation. It 
is also apparent that the central nervous svs- 
tem actively catabolizes both acetyl-CoA and 
dicarboxylic acids, but experimental data pro- 
vide evidence of but little synthesis of TCA 
cycle intermediates. The central nervous sys- 
tem seems, therefore, to depend largely on 
peripheral sources for both glucose and di- 
carboxylic acids. It is not improbable that 
the availability of glutamine is rate limiting. 
The central nervous system, in contrast to 
hormonally responsive organs, attempts to 
maintain a relatively constant level of synthesis 
and energy production as required by its func- 
tional activity. Glutamine, as a major periph- 
eral source of TCA cycle intermediates, is 
perhaps the key intermediate in the mainte- 
nance of metabolic homeostasis. 

It is postulated that [1] a highly active car- 
bon metabolism exists in the central nervous 
system; [2] the central nervous system is de- 
pendent upon the peripheral organs for both 
glucose and dicarboxylic acids; and [3] there 
is no direct metabolic response of the central 
nervous system to acclimatized hypoxia or 
starvation. 


. Broom, B.: 
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Cerebellar hemorrhage 


A clinicopathologic study 


J. Rey-Bellet, M.D. 


ALTHOUGH isolated cases of hemorrhage in the 
cerebellum have been reported during the 
past century, there have been only few studies 
of relatively large series.'-* Attempts at de- 
lineating a syndrome in order to make a 
diagnosis during the patient's life have not 
been very successful. The affection is not 
mentioned, or only cursorily treated, in most 
textbooks of neurology. 

Since the frequency of this disorder appears 
to warrant more attention than it has received, 
the cases seen at the Pathology Department of 
Bellevue Hospital between 1938 and 1955 
have been reviewed. In a total of 4,526 au- 
topsies in which the head was examined, there 
were 204 cases of intracerebral and 20 of in- 
tracerebellar hemorrhage (Table 1). The in- 
cidence of intracerebellar hemorrhage was 
about 1 in 206 autopsies. Since none of the 
cases was obtained from the Medical Exami- 
ner’s Office, these figures represent the actual 
incidence of the disease in a general hospital. 
Figures reported by previous authors vary be- 
tween 1 case in 1,726 autopsies! to 1 in 258.4 
The proportion of cerebellar to cerebral hemor- 
rhage also presents wide variations in the 
published series, between 1%! and 15%.* 


CLINICAL MANIFESTATIONS 


The patients ranged in age from 43 to 75 
years; 7 patients were in the fifth decade, 4 
in the sixth, 7 in the seventh, and 2 in the 
eighth. In 1, the age was not stated. There 
were 11 males and 10 females. 

Symptoms. Onset was frequently dramatic 
(Table 2); 5 patients went suddenly into coma, 
without any premonitory symptom. In 6, coma 
was preceded by nausea, vomiting, dizziness, 
profuse sweating, and frontal or occipital 
headaches, lasting usually one or two hours 
but at times only a few seconds. The loss of 
consciousness was not always immediately 


TABLE 1 
INCIDENCE OF CEREBRAL 
AND CEREBELLAR HEMORRHAGES 


Autopsies with examination 


of the head 4,526 
Cerebral hemorrhages 204 4. 5% 
Cerebellar hemorrhages 20 «(0.44% 


Proportion of cerebellar to 


cerebral hemorrhages 1/10.2 (9.8%) 


TABLE 2 
TYPES OF ONSET IN 21 CASES 
OF CEREBELLAR HEMORRHAGE 


Coma preceded by subjective symptoms 6 
Coma without premonitory symptoms 5 
Stuporous state preceded by subjective symptoms 4 
Stuporous state without premonitory symptoms 3 
Subjective and/or cerebellar symptoms 

Collapse followed by return of consciousness 1 


Total 21 


complete; 7 patients went into a stuporous 
state that gradually deepened into coma over 
a period of a few hours, and 4 of these com- 
plained of nausea, vomiting, dizziness, and 
headaches immediately preceding onset of 
stupor. Another patient suddenly collapsed in 
the street, to regain consciousness in a few 
minutes. In 1 patient, the initial symptoms 
were more suggestive of a cerebellar lesion, 
consisting of an episode of vomiting, lasting a 
few hours, followed by unsteady gait persisting 
until admission four days later. The initial 
symptoms in another consisted of weakness, 
nausea, vomiting, cold perspiration, and diz- 
ziness with mild chest pain lasting only a few 
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TABLE 3 
FREQUENCY OF SYMPTOMS IN 21 CASES 
OF CEREBELLAR HEMORRHAGE 


Impaired consciousness 18 
Nausea, vomiting 
Headaches 
Dizziness 

Profuse sweating 
Dysarthria 
Collapse 


© 


Cerebellar symptoms 


hours, without any clouding of consciousness. 
The frequency of the various symptoms is 
given in Table 3. 

History of intermittent symptoms prior to 
onset of final illness was elicited in 5 patients. 
These consisted of dizzy spells, sensation of 
general weakness and mental dullness, ill- 
defined malaise, and blurred vision. 

Signs. Common findings on examination 
were impairment of consciousness, pupillary 
abnormalities, respiratory disturbances, evi- 
dence of unilateral or bilateral pyramidal in- 
volvement, and disorders of ocular move- 
ments. Generalized flaccidity and cerebellar 
signs were found less frequently (Table 4). 

Impairment of consciousness. When seen for 
the first time, 11 patients were in coma and 
7, stuporous; only 3 were perfectly conscious. 
When other symptoms also had been present, 
coma or stuporous state occurred in less than 
six hours in the majority of patients. Even- 
tually, all patients lapsed into coma and re- 
mained in this condition until death; fluctu- 
ation in the state of consciousness was not ob- 
served. Death occurred less than twelve hours 


TABLE 4 
FREQUENCY OF SIGNS IN 21 CASES 
OF CEREBELLAR HEMORRHAGE 


Coma or stupor 18 
Pupillary abnormalities 15 
Respiratory disturbances 14 
Disorders of ocular movements 10 
Pyramidal involvement 10 
Generalized flaccidity 7 
Absent corneal reflexes 7 
Cerebellar signs 2 


Blood in the spinal fluid (17 cases) 17 
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after onset of complete unresponsiveness in 8 
patients, in twelve to twenty-four hours in 7, 
and in one to three days in 6. 

Pupillary abnormalities were the next most 
common findings, being present in 15 patients. 
The pupils were normal in 5; their condition 
was not recorded in 1. Pinpoint pupils were 
found in 10 patients and unequal pupils in 3. 
In 2, there was no reaction to light. 

Respiratory disturbances were present in 14 
patients. Of these, 4 had deep, stertorous 
breathing, 3 were in Cheyne-Stokes, 1 was 
gasping and cyanotic, and another had rapid 
and shallow respiratory movements that ceased 
altogether with slowing of the heart rhythm 
to 20 to 40 beats per minute. Marked respira- 
tory disturbances were not always signs of im- 
pending death, 2 patients remaining in Cheyne- 
Stokes for thirty-six hours before death; 1 pa- 
tient developed sudden pulmonary edema and 
died a few minutes later. Another had laryn- 
geal spasm that necessitated tracheotomy and 
died twenty-four hours later. In the terminal 
period, 4 patients had what appeared to be 
a sudden depression of the respiratory center; 
they stopped breathing, while pulse and heart 
sounds continued to be strong. They were 
maintained alive with artificial respiration for 
a period of time varying from two and one- 
half to twenty-two hours. 

Abnormal ocular movements were observed 
in 10 patients. In 3, the eyes were fixed for- 
ward and no motion could be elicited. There 
was conjugate deviation of the eyes in 2 pa- 
tients; both were stuporous, and the devia- 
tion disappeared at the onset of complete 
coma. Ptosis of the eyelids was present in 2 
cases; 1 patient had nystagmus and 1, paraly- 
sis of convergence. In 1, the eyes were devi- 
ated downward and motionless. Oculomotor 
paralysis was not observed. 

Pyramidal involvement. Evidence of uni- 
lateral or bilateral pyramidal involvement was 
found in 13 patients. However, when signs 
that might be due to another cerebral lesion 
were excluded, those that can be attributed to 
the cerebellar hemorrhage or its complications 
were hemiplegia in 4 cases, hemiplegia with 
extensor plantar reflex on the opposite side 
in 3, and Babinski sign alone in 3. 

Corneal reflexes were absent bilaterally in 
5 patients, all of whom were in coma; they 


CEREBELLAR HEMORRHAGE 


disappeared in 2 only in the terminal stage, 
when the pinpoint pupils became dilated. In 
2 patients, the corneal reflex was absent on 1 
side and weak on the other; both were also in 
coma. 

Flaccidity. Generalized flaccidity was ob- 
served in 7 patients; 3 had evidence of bilateral 
pyramidal lesion, 2 later had hemiplegia, and 
2 had no evidence of pyramidal tract involve- 
ment. 

“Cerebellar” signs were found in only 2 pa- 
tients; 1 had truncal ataxia and the other, 
slurred speech and nystagmus. He also com- 
plained of vertigo and blurred vision. Of more 
doubtful significance was a coarse tremor of 
the left upper extremity in a patient with old 
left hemiplegia. This low incidence of objective 
evidence of cerebellar dysfunction may be 
partly due to the fact that most patients had 
impaired consciousness. However, 2 mentally 
clear patients failed to show any disturbance 
of equilibrium or coordination. 

Blood pressure. All but 3 patients had ele- 
vated blood pressure on admission; 1 was in 
shock and 2 in cardiac failure with high 
diastolic and low systolic pressure. If the pa- 
tients in shock and cardiac failure are ex- 
cluded, the values for blood pressure ranged 
from 130/80 to 270/170. Systolic pressure 
was 200 mm. Hg or more in 8 patients and 
less than 200 in 10, the average being 198. 
Diastolic pressure was less than 100 in only 
+ patients, the average being 117. 

Laboratory findings. Lumbar puncture was 
performed in 17 patients; 14 had _ grossly 
bloody cerebrospinal fluid, and 3 had only a 
few red blood cells, 1 of them with xantho- 
chromic supernatant fluid. Only 3 had nuchal 
rigidity. Other laboratory examinations were 
not helpful for the diagnosis; 4 patients had 
glycosuria, 2 of whom had slightly elevated 
fasting blood sugar, 10 had albuminuria, and 
1 had acetonuria. Leukocytosis that could not 
be explained by an inflammatory process was 
present in 2 patients. 

Course. The patients’ conditions deteriorated 
rapidly, 5 of them dying within the first 
twelve hours and 5 others in less than twenty- 


four hours; 8 died one to three days after on- 


set, and 3 survived five, six and seven days, 
respectively. The shortest interval between 
onset and death was eighty minutes. 
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TABLE 5 
LOCATION OF LESION IN 21 CASES 
OF CEREBELLAR HEMORRHAGE 
Left hemisphere 
Right hemisphere 


Both hemispheres 
Vermis and left hemisphere 
Vermis and both hemispheres 


Cl an 


Total 


No precipitating factors could be found in 
the majority of the cases; 15 patients were 
known to have been hypertensive for one or 
several vears, 2 of them being in cardiac de- 
compensation and 2 presenting symptoms of 
coronary insufficiency, 10 were obese, 3 were 
alcoholic, 1 had central nervous system syphi- 
lis, 1 was diabetic, and 8 had a history and/or 
anatomopathologic evidence of previous cere- 
brovascular disease. 

The final clinical diagnosis was cerebral 
hemorrhage in 10 patients, primary subar- 
achnoid hemorrhage in 4, cerebral throm- 
bosis in 2 and pontine hemorrhage in 2. In 
3 cases, diagnoses of pneumococcal menin- 
gitis, thrombocytopenic purpura, and uremia 
were made, respectively, no additional cere- 
bral pathology being suspected. 

PATHOLOGY 


Location of the hemorrhages is given in 
Table 5. As can be seen, there was bilateral 
although unequal involvement in 7 of the 
21 cases. In 14 cases, the hemorrhage was 
very extensive, destroying more than half of 
one cerebellar hemisphere; in 4, a small hem- 
orrhage was found, not exceeding 2 cm. in di- 
ameter, and in 3, the size was not recorded. 

In only 3 instances was the hemorrhage 
limited to the cerebellum itself. In 7, it had 
ruptured into the fourth ventricle (with sec- 
ondary spread to the subarachnoid space 
through the foramina of Luschka and Magen- 
die), in 6 directly into the subarachnoid 
space, and in 5 additional cases, in both. Thus, 
in 18 of the 21 cases, there was blood in the 
subarachnoid space; 2 patients also had blood 
in the subdural space. 

Associated lesions were frequently found in 
the brain stem or cerebral hemispheres; 1 
case showed hemorrhage in the tegmentum of 
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the upper midbrain on the right, which in- 
creased in size and extended bilaterally into 
the lower midbrain. Another had hemorrhage 
around the aqueduct of Sylvius and in the 
substantia nigra on the right. Another patient 
had thrombosis of the basilar artery with 
anemic infarct of the pons. 

Old infarcts in the cerebral hemispheres 
were seen in 8 cases, but none were of recent 
date or thought to be a sufficient explanation 
for the clinical symptoms; | patient had a small 
hemorrhage in the left occipital pole and a 
hemorrhagic infarct in the right internal cap- 
sule, both of recent origin. 

Incidental findings were a pituitary chromo- 
phobe adenoma and lateral sclerosis of the 
spinal cord. 

Cerebellar hemorrhage had caused addition- 
al intracranial pathology in 9 patients; 7 had 
flattening of the convolutions with some de- 
gree of ventricular dilation, all but 1 having 
intraventricular hemorrhage, and 3 presented 
a pressure cone with herniation of the cere- 
bellar tonsils. 

A severe degree of arteriosclerosis in the 
vessels of the base was seen in 10 cases. In 5 
the arteriosclerosis was moderate and in 5 
slight; 1 patient had normal vessels. 

Evidence of arteriosclerosis in other parts 
of the body was present in 18 cases; 9 had 
coronary arteriosclerosis, 2 with old myocardial 
infarcts. The heart was definitely enlarged in 
19 of the 21 cases, weighing from 390 to 800 
gm.; average weight was 478 gm. 
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ETIOLOGY 


On the basis of clinical and anatomic data, 
hemorrhage was attri!<ited to hypertension 
with arteriosclerosis in 17 cases and to arterio- 
sclerosis alone in 1. In 1 of the 3 remaining 
cases, the cause was thrombocytopenic pur- 
pura of unknown etiology; in another, a 
hemorrhagic syndrome with involvement of 
the adrenals followed pneumococcal meningi- 
tis, and, in the third, the cause was craniocere- 
bral injury with concomitant skull fracture. 


CLINICOPATHOLOGIC CORRELATIONS 


Most of the symptoms and signs observed 
in this series of patients cannot be explained 
on the basis of loss of cerebellar tissue alone 
and point rather to brain stem dysfunction. 


NEUROLOGY 


Since, in the majority of the patients, no 
anatomic changes were found in the pons or 
midbrain, it may be assumed that there was 
compression, edema, and/or disturbance of the 
vascular supply; 3 of the patients had softening 
or hemorrhage in the brain stem but, clinically, 
did not differ significantly from the cases 
without such lesions. 

In the cases with unilateral pyramidal in- 
volvement, the peripheral signs were on the 
side of the cerebellar lesion in 2 and on the 
opposite side in 5. In the 3 cases with hemi- 
plegia on 1 side and extensor plantar reflex on 
the other, the cerebellar lesion was homolateral 
to the hemiplegia in 2 and contralateral in 1. 

In the 5 patients with pupillary inequality, 
the larger pupil was on the side opposite the 
hemisphere containing the hemorrhage. When 
the corneal reflex was absent on one side only, 
that side was ipsilateral to the cerebellar 
lesion. 

The one instance of truncal ataxia occurred in 
a patient having a hemorrhage in the vermis. 
No incoordination, dysmetria, or tremor of the 
extremities was elicited by the usual finger- 
nose and heel-knee tests. Deviation of the 
head and eyes is said to occur in cerebellar 
lesions, the deviation being toward the affected 
side;® 2 patients had deviation of the head and 
eyes or of the eyes only, both toward the right 
and both having a left cerebellar hemorrhage. 
Coarse tremor of the left upper extremity was 
present in 1 instance; no lesion was visible in 
the midbrain, and the red nucleus was normal, 
but an old infarct was present in the left 
caudate nucleus. The hemorrhage was located 
in the left cerebellar hemisphere. 

Intraventricular inundation occurred only 
in cases with extensive hemorrhages; it was 
present in 9 of the hemorrhages classified as 
large and absent in 5. It was not found in the 
4 patients with small hemorrhages. The dura- 
tion of life was not appreciably different in 
the group with (12 cases, average forty-seven 
hours) or without (9 cases, average forty-five 
hours) blood in the ventricular system. The 
initial state of consciousness of the patients 
appears to be related to the presence of 
blood in the ventricular system. This was 
found less frequently in the patients who were 
conscious or stuporous when first seen than in 
those admitted in coma. 
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TABLE 6 
REVIEW OF 4 SERIES OF CEREBELLAR HEMORRHAGE 
Present 
Author Michael’ Hyland’ Friedman series Total 
Number of cases® 4 30 3 21 58 
Duration of life 
Less than 24 hours 1 14 2 10 27 
More than 24 hours 3 16 1 ll 31 
Symptoms 
Impaired consciousness 4 i) 3 18 34 
Headaches 4 17 - 8 29 
Nausea, vomiting 3 1] 1 9 24 
Dizziness 1 6 1 rf 15 
Cerebellar symptoms - 5 1 1 | 
Signs 
Disturbance of consciousness 3 ps J 3 18 46 
Respiratory disturbances 3 15 2 14 34 
Pupillary changes 2 12 3 15 32 
Pyramidal signs 8 14 2 10 29 
Disorders of ocular movements 2 8 1 10 21 
Cerebellar signs - 6 _ 2 8 
Blood in cerebrospinal fluid®* 3(3) 12(14) 1(1) 17(17) 33(35) 


* Only cases for which sufficient clinical information is available are included. 


°° Figures in parentheses indicate number of cases in which lumbar puncture has been performed. 


The size of the hemorrhage itself was not 
always the most important factor in the evolu- 
tion of the disease or its clinical manifestations. 
Cases with small hemorrhages survived on the 
average slightly longer than those with larger 
ones, but there was a wide variation within 
each group. 


DISCUSSION 


Cerebellar hemorrhage is classicaly con- 
sidered a rare and fatal disease,*-* the diagnosis 
very rarely being made during life. However, 
our figures, as well as those of others,?— indi- 
cate that its frequency is greater than is gener- 
ally thought. 

The main symptoms of the disease are head- 
aches, nausea, vomiting, and dizziness, follow- 
ed more or less rapidly by loss of conscious- 
ness. At examination, pupillary changes and 
respiratory disturbances are the most common 
findings. Evidence of pyramidal tract involve- 
ment and disturbance of the oculomotor sys- 
tem of the “supranuclear” type are also fre- 
quently encountered. Cerebellar signs are 
found in very few cases. The course is rapid, 
coma becoming gradually deeper and death 
occurring within a few days. Table 6 summar- 


izes the clinical picture in 3 previously re- 
ported series and the present study. 

Cerebellar hemorrhage is distinguished from 
pontine hemorrhage and infarction by the ab- 
sence of cranial nerve palsies and, in most 
cases, of bilateral pyramidal tract involvement. 
Hemorrhages in both locations have a sudden 
onset, although it is somewhat more abrupt 
and the course more rapidly fatal in pontine 
lesions. Brain stem infarctions have a more 
protracted and fluctuating course; the cere- 
brospinal fluid contains no blood. 

Cerebral infarction does not, as a rule, pro- 
duce pupillary and oculomotor disturbances; 
signs are more strictly unilateral, coma is less 
profound, and courses slower. The absence of 
blood in the cerebrospinal fluid will also help 
in differentiating between the 2 conditions. 

Cerebellar hemorrhage is most likely to be 
confused with hemorrhage in the cerebral 
hemispheres. In both, pupillary abnormalities, 
bloody cerebrospinal fluid, occasional bilateral 
Babinski sign, and rapid course are present. 
The only points that may help in differential 
diagnosis are the greater frequency in cere- 
bellar hemorrhage of headaches, nausea, vomit- 
ing, and dizziness before onset of unconscious- 
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ness; more gradual onset of coma; disorders 
of ocular movements; and, in rare instances, 
evidence of cerebellar dysfunction. Coma is 
less deep, at least in the initial stage. In cere- 
bellar hemorrhage, the pupils are often con- 
stricted, whereas they tend to be fixed but of 
medium size or dilated when the cerebral 
hemispheres are involved. However, in the 
present state of our knowledge, if a cerebellar 
location can be suspected, it cannot, except in 
rare cases, be confirmed with any degree of 
certainty. Perhaps, careful attention to the 
nature of the coma and to signs of brain stem 
involvement will reveal more reliable diag- 
nostic signs. 

Diagnosis of cerebellar hemorrhage has too 
rarely been made during the patient's life to 
permit a study of the natural history of the 
disease. Probably, some cases survive; 2 of 
our cases, for instance, seem to have died not 
from the hemorrhage itself but from a compli- 
cation (intraventricular hemorrhage) or an 
additional lesion (midbrain hemorrhage). Un- 
til more knowledge is acquired on the spon- 
taneous course, it is difficult to evaluate the 
benefit of surgical intervention.*—” 


NEUROLOGY 


SUMMARY 

The clinical and pathologic features of 21 
cases of cerebellar hemorrhage are reviewed. 
The hemorrhage occurred in any part of the 
cerebellum and usually spread to the sub- 
arachnoid and/or ventricular spaces. Occasion- 
ally, concomitant brain stem lesions were 
found. 

All of the patients were past middle age. 
The commonest cause was hypertension with 
arteriosclerosis. Onset was sudden in most in- 
stances, with coma and stupor, at times pre- 
ceded by nausea, vomiting, dizziness, or head- 
aches. 

The most common of the objective findings 
were pupillary abnormalities, respiratory dis- 
turbances, defects in ocular movements, and 
signs of pyramidal involvement. Incoordina- 
tion was found in only 1 case. Blood was al- 
ways present in the cerebrospinal fluid. The 
patients died from one hour to seven days 
after onset of symptoms. The symptoms ob- 
served point to brain stem dysfunction rather 
than to destruction of cerebellar tissue. An 
attempt is made to differentiate this condition 
from other cerebrovascular disorders. 


The author is indebted to Dr. Morris B. Bender, Chairman of the Depart- 
ment of Neurology, and Dr. Irving H. Feigin, Director of the Laboratory 
of Neuropathology, for their invaluable help and suggestions in the prepa- 
ration of this paper. The author also thanks Dr. Stevenson of New York 
Hospital for permission to include an additional case in this series. 
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sure she sleeps 


SECONAL® SODIUM insures needed rest... 


When you feel that your patient must have rest, Seconal Sodium 
often provides the welcome solution. It is both the fastest and the 
shortest-acting oral barbiturate you can prescribe. Whether the 
problem is simple insomnia or anxiety over a surgical ordeal soon 
to come, Seconal Sodium induces the sound sleep you want your 
patient to have. The usual hypnotic adult dose is 1 1/2 grains. 
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It is also supplied as ampoules, powder, suppositories, and Enseals® 
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MODEL D 
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The improved Model D Electroencephalograph pre- 
sents all of the latest advances in component reli- 
ability and manufacturing techniques, retaining the 
advantages of ease of operation and maintenance 
built into the instrument during over ten years of 
experience in manufacture and application. 


New components, such as strain gage amplifiers, 
D.C. channels, etc. are available. Special amplifiers 
can be designed and furnished upon submission of 
specifications. All of these units are arranged for 
easy plug-in installation in the standard console, 


ELECTROENCEPHALOGRAPH 
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SHOCK THERAPY EQUIPMENT 


 MEDCRAFT ELECTRONIC CORP. 


of diagnostic 
and equipment for the medical p 


426 GREAT EAST NECK ROAD, BABYLON, N.Y. 


we 
: || 


The COOPER == 


CHEMOPALLIDECTOMY— CANNULA AND DOUBLE STYLET SET 


A NEUROSURGICAL AID IN PARKINSONISM 


Cat. No. 5380 
Write for Information 


X-ray to determine position of cannula. 
Note radiopaque markings of stylet. 


References 


The Cooper Chemopallidectomy Set was devised by 
Dr. Irving S. Cooper* for the treatment of Parkinson’s 
disease by destruction of the mesial portion of the globus 
pallidus by injection of absolute alcohol intracerebrally. 


The cannula may be left in place in the brain for one 
week or longer to provide for gradual injection of a 
neurolytic agent into the globus pallidus. Its radiopaque 
stylet enables one to check its position roentgenographi- 
cally before each injection. 


Chemopallidectomy, performed meticulously in prop- 
erly selected cases, can produce good results in 70 per 
cent of parkinsonian patients. 


The Cooper Chemopallidectomy Set consists of the fol- 
lowing: 

1. A polyethylene cannula with red markings at 4.5 
cm., 5.5 cm. and 6.5 cm. to gauge depth of insertion. 
2. A stainless steel stylet for insertion of the cannula. 


3. A nylon stylet with radiopaque markings at 1 cm. 
intervals for indwelling use. 


“Cooper, I. S.: Chemopallidectomy: An Investigation Technique in Geriatric Parkinsonians, Science 121: 217-218 Feb. 1955. 


“Cooper, I. S.: The Neurosurgical Alleviation of Parkinsonism. Springfield, Ill.: Charles C. Thomas, Publisher. 1956. 
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MANY CANCERS ARE CURABLE... NOW. These are 
words of hope for the thousands of cancer patients who see 
their physicians in time. 


Tremendous gains can be made... now... in three of the most 
common cancer sites: breast, cervix, rectum. The annual health 
checkup can often detect early cancers in these sites at a time 
when presently available methods of treatment can effect many 
more cures than are being achieved today. 


The American Cancer Society, therefore, in its broad public 
education program, emphasizes the importance of annual 
physical examinations for all adults. 


Together an alerted public and the medical profession can win 
a major victory over cancer... now. 


AMERICAN CANCER SOCIETY 
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MODEL P8& - PORTABLE A C_ PREAMPLIFIER FOR 
STUDENT LABS AND SPECIAL PROBLEMS 
REQUIRING INCREASED SENSITIVITY 
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IN  ELECTROPHYSIOLOGY 


MODEL P6 
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“R Day” 


for the neuritis patient 
can be tomorrow 


“R Day”—when pain is relieved—can come early for patients with 
inflammatory (non-traumatic) neuritis if treatment with Protamide 
is started promptly after onset. 


Protamide is the therapy of choice for either early or delayed 
treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study* a combined 
total of 374 neuritis patients treated with Protamide during the 
first week of symptoms responded as follows: 
60% required only I or 2 daily injections for complete relief 
96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— ’ 
affords the opportunity to speed his personal “R Day.” fi 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 


one ampul daily. 


herman | 


Detroit 11, Michigan 
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AAN and ANA Appoint Joint Augustus S. Rose and Derek Denny-Brown, 
International Committee the respective Presidents of the Amer- 
ican Academy of Neurology and the Amer- 
ican Neurological Association recently appointed a Joint Committee 
of the two societies on international representation of American 
neurology. The Chairman of the new committee, Roland P. Mackay, 
was appointed jointly and is responsible to both the AAN and the 
ANA. In addition, three of the committee members, James L. _ 
O'Leary, Russell N. DeJong and Joseph Foley represent the AAN, 
while three other members, Bernard J. Alpers, H. Houston Merritt, 
and Fred Plum, represent the ANA. The terms of reference of the 
committee are "responsibility to make recommendations regarding all 
matters connected with international representation in neurology 
and, in particular, to make nominations to the two societies of 
such individuals as may be required to represent American neurology 


officially at international congresses and at other international 
meetings." 


Philadelphia Neurological Elects At its special 75th anniversary meet- 
Twelve Honorary Members ing (October 23, 1959) the Philadelphia 

Neurological Society elected as hon- 
orary members: Professors Th. Alajouanine, Raymond Garcin, Knud 
H. Krabbe, G. H. Monrad-Krohn, and H. Olivecrona, Sir Charles 
Symonds and Sir Francis M. R. Walshe, and Drs. Roland P. Mackay, 
Byron Stookey, Ludo van Bogaert, I. S. Wechsler, and Gunnar Wohl- 
fart....The Philadelphia Neurological Society, founded in 1883, is 
the second oldest regional neurological society in the United 
States....Organized neurology began in the United States with the 
founding of the New York Neurological Society in 1872. The 
American Neurological Association was founded in 1875. 


Institute for Muscle Disease The dedication exercises for the new 
Formally Dedicated Institute for Muscle Disease, a major 
research arm of the Muscular Dystrophy 
Associations of America, were formally held in New York on December 
12, 1959. An ultramodern structure of steel and glass, erected at 
a cost in excess of $5,000,000, this new Institute at 515 East 
7lst Street in New York City will serve as headquarters for the 
fight against neuromuscular disease. The primary objective of the 
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Institute is defined in the words of Dr. Ade T. Milhorat, Chairman 
of the Muscular Dystrophy Medical Advisory Board and Director of 
the Institute. It is, "to increase our knowledge of muscle, to 
understand the mechanisms by which muscular dystrophy and other 
muscular disorders arise, and to develop effective treatments for 
these conditions." When working at capacity, the Institute will 
be staffed by approximately 150 scientific workers, and 50 others 
comprising office staff, maintenance, and housekeeping personnel. 
The operating budget of the Institute will be approximately 
$1,500,000 annually. The eleven floors of the building will house 
several scientific divisions: divisions of Physiology and Bio- 
physics, Enzyme Chemistry and Microbiology, Experimental Pathology, 
Protein Chemistry, Clinical Investigation, Organic Chemistry, and 
Biochemistry. 


American Epilepsy A total of 26 voluntary epilepsy societies from 
Federation Formed 135 states have united to form the American 

Epilepsy Federation. President of the new 
federation is Mrs. Albert Grass of Quincy, Mass., who, upon assum- 
ing the presidency of the new federation stated: "The creation of 
the American Epilepsy Federation means that at last a concentrated 
effort to change attitudes and opinions about epilepsy can begin." 
Among the physicians associated with the Federation are the Vice- 
Presidents, William G. Lennox of Boston and Harriot Hunter of 
Denver; Directors-at-Large, Madison Thomas of Salt Lake City; and 
Academy President, Augustus S. Rose of Los Angeles....Communica- 
tions should be directed to the American Epilepsy Federation, 77 
Reservoir Road, Quincy 70, Mass. 


WEN Invites Charter Subscribers The World Federation of Neurology has 
to World Neurology issued an attractive brochure de- 

scribing the purposes and scope of the 
new monthly journal, WORLD NEUROLOGY, the official publication of 
the World Federation of Neurology. The publication date is July 
1960. Accompanying the brochure, is a letter from AAN President, 
Augustus S. Rose, inviting charter subscribers to the journal from 
those who will receive it from the original issue. The U.S.A. 
subscription rate is $15 per annum. First editions will be pub- 
lished in limited numbers. Inquiries should be directed to Mr. 
Allan Stone, Assistant to the Publisher, Lancet Publications, 84 
South Tenth Street, Minneapolis 3, Minn. 


Tay-Sachs Association Under the direction of its medical Chairman, 
Meets in New York Dr. S. V. Dunkell, the national Tay-Sachs 
Association held its annual dinner meeting 
in the Starlight Roof of New York's Waldorf Astoria Hotel 
(November 22, 1959). Highlighted on the program was a speech by 
State Senator Bloom of New York and a paper by Pearce Bailey, 
"Present Trends in Infantile Neurodegenerative Diseases." The 


New York chapter of the national Tay-Sachs Association was formed 
in 1957 by parents of children suffering from Tay-Sachs disease 
and the cerebral lipidoses. The Association has established a 
clinical research program at the Jewish Chronic Disease Hospital 
of Brooklyn and a basic research program at the Albert Einstein 
College of Medicine of the Yeshiva University. These programs use 
a multidisciplinary approach, under the direction of Dr. Bruno 
Volk, directed to the problem of the cerebral lipidoses. 


Bronx VA Hospital Establishes The Bronx Veterans' Administration 
Three-Year Residency Program Hospital announces the establishment 

of a three-year approved residency 
training program in Neurology in affiliation with the Columbia- 
Presbyterian Medical Center. Besides the regular residency train- 
ing at the VA Bronx Hospital, residents under this program spend 
six months full time at the Montefiore Hospital, four months full 
time in the Department of Neuropathology at the Columbia-Presby- 
terian Medical Center, and a period in excess of fourteen months 
attending the various neurologic outpatient clinics of the Neuro- 
logical Institute of New York. Basic science lectures are given 
under the aegis of Columbia University. The training program is 
under the immediate supervision of Carl B. Booth, the neurology 
chief at the Bronx VA Hospital in collaboration with Daniel 
Sciarra, Abner Wolf, and Tiffany Lawyer, Jr....Communications 
should be sent to Dr. Carl B. Booth, Chief, Neurological Section, 
Veterans' Administration Hospital, 130 West Kingsbridge Road, 
Bronx 68, New York. 


Briefs Paul A. Weiss, Professor and Head of the Department of 
Developmental Biology at the Rockefeller Institute gave the 
Fifth Annual Israel S. Wechsler lecture at the Mount Sinai Hospital 
in New York City (December 11, 1959). His topic was "Problems of 
Specificity in the Development and Functioning of the Nervous 
System"....The research committee of the American Academy for 
Cerebral Palsy, recently appointed by the Academy's president, 
R. R. Rembolt, is composed of Chester A. Swinyard, Chairman; 
Pearce Bailey, Webb E. Haymaker, and Horace W. Magoun....Under the 
auspices of neurophysiology in the department of Neuromedicine 
of the University of Copenhagen, a nine days' course was given in 
Electromyography (October 8-17, 1959). The sessions were conducted 
under the supervision of Fritz Buchthal, Professor of Neurophysiol- 
ogy; Mogens-Fog, Professor of Neuromedicine, and Annelise Rosen- 
falck, Electronic Engineer. The participants also had the oppor- 
tunity to practice electromyography on normal subjects and on 
patients. Seminars were held on the physiologic basis of electro- 
myography and on its clinical applications....The latest national 
society to join and name a delegate to the World Federation of 
Neurology is the Association for the Study of Neurology at Malta. 
The Society's national secretary is Dr. J. Puccicino; its president 


and delegate to the WFN is Professor W. Ganado of St. Luke's 
Hospital in Valetta. The number of nations now members of the WFN 
through their national societies is 43. 


Columbia University Receives William Black, President of the Chock 
Five Million Dollar Donation Full O'Nuts Corporation and founder and 

President of the Parkinson's Disease 
Foundation has given Columbia University $5,000,000 toward the 
construction of an 18-story medical research building to be 
located upon the grounds of Columbia's College of Physicians and 
Surgeons. The donation was described by Dr. Grayson Kirk, Presi- 
dent of the University, as the largest contribution ever made by 
a living person to the 205-year-old institution. The donation 
will pay about half the cost of the proposed new structure, which 
contains over 200,000 square feet, and Columbia is to raise the 
rest. Mr. Black, a member of the class of 1920 at Columbia, made 
the gift with the hope that it would help solve the medical 
mystery of Parkinson's disease....H. Houston Merritt, Dean of the 
College of Physicians and Surgeons and Director of the Neurological 
Institute of New York, said these new research facilities will 
enable medical laboratory teams to leave "woefully overcrowded" 
space for the new building. 
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SQUIBB ANNOUNCES 


once a day 
dosage for 
the psychiatric 
patient 


Prolixin 


Squibb Fluphenazine Dihydrochloride 


Prolixin is a new, exceptionally effective behavior modifier with sustained and prolonged 
action for your psychiatric patients. Its extended action, permitting a single daily dose, 
has been thoroughly demonstrated in clinical trials.1-2 

Prolixin is particularly useful in the management of acute and chronic psychotic states 
characterized by agitation, excitement, explosive behavior and turbulence — in such 
conditions as schizophrenia, mania, psychoses due to organic brain disease, and senile 
psychoses. 

Providing lowered toxicity and maximum economy, Prolixin not only elicits a greater 
therapeutic response but also affords improvement in many patients previously refrac- 
tory to other phenothiazines. This is true whether the mental disorder is of short or long 
duration. 

The usual extrapyramidal symptoms encountered with other potent phenothiazine deriv- 
atives have been reported.!3 Less common effects have been hypotension,* drowsi- 
ness,> agitation,” restlessness,4 and anorexia.® Side effects have disappeared with 
reduced dosage or temporary discontinuance of the drug.25:6 is « squies TRADEMARK 


Dosage: Optimum dosage levels vary from patient to patient and must be de- 
termined individually. Most patients may be maintained on 1 mg.— 5 mg. daily, SQUIBB 
Supply: 1.0 mg., 2.5 mg., and 5 mg. tablets. References: 1. Taylor, !.J.: Clin. Res. 
otes 2:1 (Aug.) 1959. 2. Morrow, L.L.: Clin. Res. Notes 2:8 (Aug.) 1959. 3. 
Darling, H.F.: Dis. Nerv. System 20:167 (April) 1959. 4. Niswander, G.D., and 
Karacan, |.: Dis. Nerv. System (In Press). 5. Freed, J.E.: Clin. Res. Notes 2:12 
(Aug.) 1959. 6. Weiss, I.1.: Clin. Res. Notes 2:12 (Aug.) 1959. 7. Stevenson, L.E.: 
Clin. Res. Notes 2:10 (Aug.) 1959. 
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CARE and TRAINING for the 
—MENTALLY RETARDED CHILD 


The Training School at Vineland provides care 
and treatment for boys and girls 2 years or older 
with mental potential of 6 years. Complete profes- 
sional staff. Electroencephalographic, and neuro- 
logical examinations, individual psychiatric, psy- 
chological, physiological, and speech observations 
and therapies. 


SIX COMPREHENSIVE PROGRAMS: 


Observation and Residential 


Diagnosis Supervision 
Education and Summer Program 
Training 


* Psychiatric Treatment 

* Custodial Care Center 

The educational program aims at maximum de- 
velopment of each child. Training includes self- 
care; group living; formal classroom education; 
development of practical habits, attitudes and 
work skills. Children live in homelike cottages 
on 1600-acre estate. School, hospital, chapel, 
swimming pools, lake, working farm. The Train- 
ing School Research Laboratory is famed for con- 
tinuous study of causes, prevention and treatment 
of mental retardation. Established 1888. For in- 
formation write: Registrar, Box Q, 


THE TRAINING SCHOOL 
AT VINELAND, NEW JERSEY 


A private, non-profit residential center for the 
care and treatment of the Ily ded 


THE UNIVERSITY OF 
MICHIGAN MEDICAL CENTER 


Postgraduate course in 
Clinical Neurology 


University Hospital 
Ann Arbor, Michigan 
April 18 and 19, 1960 


This course deals primarily with those 
neurologic conditions and complica- 
tions most frequently encountered by 
the practicing physician. The principal 
neurologic entities as well as the com- 
plications of systemic disease that con- 
stitute common diagnostic and thera- 
peutic problems are stressed. Both the 
pediatric and the geriatric aspects of 
nervous disease will be discussed. 
Differential diagnosis, special diagnos- 
tic procedures, and newer aspects of 
therapeutic approach will pre- 
sented. 

Program and application form may 
be obtained from 


Joun M. SuHetpon, M.D., Director, 


Department of Postgraduate Medicine, 
University Hospital, Ann Arbor, Mich. 


Just ‘One Idea Can Save a Patient 


MODERN MEDICINE 


84 So. 10th St. 
Minneapolis 3, Minn. 


Where do you look for help on prob- 
lem cases? The new REVIEW OF 
MODERN MEDICINE has the complete 
editorial content of 24 issues of 
Modern Medicine. Two volumes of 
more than 2,000 pages at just $10.00. 
The latest medical knowledge in print 
—reports from world-wide sources on 
the important developments in every 
field of medicine—a real help in keep- 
ing you up-to-date in your practice. 
Money back if you are not satisfied. 


Enclosed is for $10.00, the special price 


for the “Revie 


Name 


Address. 


City. Zone State 
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complete integrated factlities for 


ELECTROMY OGRAPHY 


® SINGLE CHANNEL EMG with two-channel magnetic 


tape recorder for recording notes 
Model TE 1.27 | and EMG simultaneously. 


© TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 

Model TE 2-7 tials or of one potential together 

with a related physical param- 

eter such as force or pressure. 


® Automatic controls and new circuits provide simplified 
rellable operation without shielded rooms in most loca- 
tions. ® EMG potentials faithfully reproduced by special 
recorder circuits. ® Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


TECA White Pains 


CORPORATION New York 


An Active Treatment Hospital, located one hour from New York 
Accredited by:The Central Inspection Board of the American Psychiatric Association 
The Joint Commission on Accreditation of Hospitals 
HALL-BROOKE, GREENS FARMS, BOX 31, CONN. 


Telephone: WESTPORT CAPITAL 7-1251 


George S. Hughes, M.D. Robert Isenman, M.D. 
Leo H. Berman, M.D. John D. Marshall, Jr., M.D. 
Albert M. Moss, M.D. Edward M. Keelan, M.D. 
Louis J. Micheels, M.D. Peter P. Barbara, Ph.D. 


to: Editor, 

84 So. 10th Street, Minneapolis 3, Minn. 
Please enter my subscription to 
GERIATRICS for one year for $6.50. 


I understand that I may cancel within 
10 days if not completely satisfied. 


MAIL THIS 


NAME 
: DER FORM 
ADDRESS 
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times as long as the regular tablet, 
MESTINON TIMESPAN often “eliminates 


in sustained release tablets — requires fewer individual doses 


ROCHE Division of Hoffmann-La Roche Inc* Nutley 10, New Jersey 


Bec ‘it sustains relief.of mvast 
>. sation and leads to better 
Strength in the morning.”* For treatment 
during waking hours, MESTINON TIMESPAN 
+ 


PROVEN EFFECTIVE 
, FOR THE TENSE AND 
NERVOUS PATIENT 


** There is perhaps no other drug introduced in 
recent years which has had such a broad spec- 
trum of clinical application as has meproba- 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component.’? 

Krantz, J. C., Jr.: The restless 
patient — A psychologic and 


pharmacologic viewpoint. 
Current M. Digest 


“Miltown 


‘a the original meprobamate, discovered and introduced by 
Ww) WALLACE LABORATORIES, New Brunswick, N. J. 
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Akinetor 


brand of biperiden 


PARKINSON’S DISEASE 


postencephalitic — idiopathic — arteriosclerotic 


DRUG-INDUCED EXTRAPYRAMIDAL DISORDERS 


parkinsonism — dyskinesia — akathisia 


MUSCULAR SPASTICITY NOT RELATED TO PARKINSONISM 


ACTION Frequently diminshes akinesia, rigidity, and tremor 
with subsequent improvement in coordinated move- 
ment, gait, and posture. Masklike face disappears. 
Salivation and oily skin are decreased. Oculogyric 
crises are often lessened in intensity and frequency. 


SIDE EFFECTS Minimum (mainly dry mouth or blurred vision). 
DOSAGE Individual adjustment of dosage is necessary in all 
instances. Dose range extends from 2 mg. te 24 mg. 
daily, in divided doses. 


AVAILABLE Supplied as the hydrochloride salt, 2 mg. bisected tab- 
lets, bottles of 100 and 1000. 


Complete information furnished upon request. 


KNOLL PHARMACEUTICAL COMPANY 


(formerly Bilhuber-Knoll Corp.) 


Yew agent for parkinsonism 
ORANGE 
NEW JERSEY 


